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PREFACE

This report presents the results and findings of a Lwo-year producibility
analysis of the Alternative Antitank Airframe Configuration AATAC Flex-Wing.
Part One contains the FY 86 Report and the FY 87 Report is presented in Part
Two.

. FY 86 Report. The first yvear producibility analysis was unuot limited to
the wing design only, but included consideration of various production proc-
esses of the wing base, center fuselage, and clip. The report included a

- study of process repeatability, weldability of 17-7 PH stainless steel, and
comparison of pertinent characteristics of potential material candidates.

Stress corrosion cracking was Investigated; it was concluded that a metal
with at least 43 percent to 50 percent Nickel would be free from stress cor-~
rosion cracking (SCC). Hence, MP35N would be relatively SCC resistant, but
was considerably more costly than other alternative materials. Other materi-
als, 14-8MO and 15-7MO0, 1n addition to the 17-7 PH (currently used for the
wind), were also investigated. No major design changes were recommended. No
major problems were foreseen in transitioning of TOW 2 to the proposed AATAC
design. There will be no need for additional facilities. There will be some
additional cost, approximately $80 per missile, due to the different wing
fabrication involved. :

FY 87 Report. The current fabrication processes for the AATAC Flex-Wing
were identified and a brief description of each step was ziven. The current
manufacturing method was used to perform a production cost estimate. Results
yielded a production cost of $20 per wing. Alternate manufacturing methods
were considered and blanking, trimming, wing half shaping and spot welding
were identified as cost drivers. The introduction of high rate automation
and process changes to key cost drivers could lower costs by 75 percent, or
down to 35 per wing. Drawings were analyzed and reviewed by Production
Engineering Division (PED) and tolerances appeared to be adequate. PED sug~-
gested a design change to aid the wing tab folding process. PED's concerns
about material transformation in the wing halves spot welding process were
presented, and copper beryllium was presented as a candidate material to re-
place stainless steel 17-7 PH.

ix/(x blank)




PART ONE
FY 86 - FIRST YEAR REPORT
I. INTRODUCTION

The Alternative Antitank Alrframe Configuration (AATAC) program is de-
signed to develop an alternate wing configuration for the TOW 2 missile in
order to utilize space occupled by the existing wing placement for other pur-
poses. Tthe program is designed to demonstrate technical feasibility of the
new airfrawe configuration and evaluate alternative utilization plans for the
vacated space in the TOW 2 (see Figure 1). As a part of the AATAC progranm,
the Production Engineering Division (PED) was tasked by the Structures Direc-
torate to assist in the evaluation of the production feasibility of the AATAC
wing configuration. This effort was initiated in order to provide considera-
tion of production issues early in the design phase in an attempt to help
reduce and control ATAC life cycles costs.

A. Problem Statement

The specific tasks identified by the Structures Directorate included
the following:

1. Become familiar with the AATAC prototype production efforts on-
gning at the Jet Propulsion Laboratories (JPL) and the Protutype Engineering
Division of System Engineering and Production Directorate (SEPD). Monitor
the production progress of each group, and document and evaluate the manufac-
turing procedures used by each group in the fabrication of AATAC hardware.

2. Perform the analyses necessary to evaluate candidate processes
for the manufacture of AATAC hardware. Recommend the most econouwical manu-
facturing processes for high rate AATAC production.

3. Develop engineering cost estimates for the production of AATAC
wings and associated mounting hardware.

4. TIdentify the potential impact of AATAC wing configuration phase—
in on TOW 2 production operations.

B. Methodology

The evaluation of the AATAC wing design producibility was conducted
in-house by PED. The production process recommendatilons were developed using
techniques developed specifically for use on the Research, Development, and
Engineering (RD&E) Center programs. The cost evaluation was conducted using
various costing algorithms developed by PED. The information regarding cur-—
rent TOW 2 production status was compiled by members of PED's Land Combat
Systems Group in conjunction with SIEPD field office representatives in the
Hughes Aircraft Company (HAC), Tuscon, AZ, manufacturing faclility. Actual
TOW production cost data was utilized for comparison purposes wherever pos-
sible. The production rate chosen as a baseline for cost analysils purposes
was 2500 units per wonth. This rate was chosen through comparison of current
and projected TOW 2 production rates in order to provide an accurate repregen-
tation of the AATAC production environment.
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C. Design Baseline

The producibility analysis was performed using AATAC design concepts
and drawings prepared by MICOM (Sperry) and JPL persoanel. The parts ana-
lyzed and discussed in this report include:

y PARTS LISTING

4 -

o Part Designer Origin Drawing Number
A-3 Wing Lou JPL N/A

| A-3 Clip Bamford JPL N/A
Center Fuselage Gibson MICOM RD-ST-WF-307

i Base Plate Gibson MICOM RD-ST-WF-304

Part sketches developed by JPL aud used in this analysis are included in
Appendix A.
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I1. PKODUCTION/PRODUCIBILITY CONSIDERATIONS

In general, the parts associated with the AATAC design concept can be
produced with fairly conventional maanufacturing operations. The wing and
clip production require a fairly high operator skill level and could produce
some problems in a high rate production environment. In the course of early
discussions with manufacturing personnel at JPL and SEPD's prototype shop,
several concern areas were identified. Tlpon completion of the initial pro-
ducibility analysis, the remainiung production considerations can be grouped
into the catagories of (1) High Rate Manufacturing Issues; and (2) Wing
Material Selection.

A. High Rate Manufacturing Issues
1. Process Repeatability

In order to realize economical production conditions ian any high
rate manufacturing environment, a high degree of production process repeata-
bility must be attained and maintained. The AATAC case is no different. The
production of the Center Structure and Base Plate canr be accomplished using a
combination of precision casting amd machining operations. The design require-
ments (surface finishes, tolerances, wall thicknesses, etc.) are, In general,
within the range commonly coansidered to be "economically producibile” and
should present few manufacturing related problems. The wings aund clips are
of a higher degree of manufacturing difficulty, and as such, will warrant ad-
ditional consideration. During the performance of this producibility analysis,
special attention was glven to those production processes which would be ex-

pected to provide a high degree of process repeatability at the projected
production rates.

2. Weldability of 17-7 PH Stainless Steel

The economical manufacture of the flex-wing assembly will
require a joining process which will produce a strong, clean, homocgeneous
joint and which does not require post weld machining, straightening, cleaning
or heat treating. A process particularly suited to joining thin sheets of
precipitation hardenable stainless steels is Resistance Spot Welding (RSW).
RSW 1s a process 1in which contacting surfaces are metallurgically joined in
spots by the heat generated from the resistance to the flow of electrical
current through workpieces held together under force by electrodes. RSW
manufacturing advantages include ease of operation and adaptability to auto-
mation. Limitations of RSW are the equipment expense and power requirements.
Nonrecurring equipment costs for RSW includes a power supply, coantrol equip-
ment and fixtures. Recurring manufacturing costs are primarily direct labor
and electrode costs. Electrode life is a critical factor in the RSW process.
During the welding operation, the elecirodes are subject to great compressive
stresses at elevated temperature and must be frequently dressed and periodi-
cally replaced.

Semiaustenitic precipitation havdened stainless steels are
readily RSW in the hardened condition. A narrow heat affected zone trans-
forms and remains austenitic after cooling. Cracking in the heat affected
zone should not present a problem. As previously stated RSW is a high speed
producticn process, suitable for automation. Most of the process time involves




alignment of weldment and removal from fixtures, actual welding times are
only a fraction of a second. RSW operations are commonly included in high
production assewbly lines with other fabrication operations. Automatic
control of process variables, such as current, dwell timing, and electrode
force allow operation at low unit labor costs by semiskilled operators.

A possible altz:rnative method of jolning the filex-wing assembly
would be Electron Beam Weld!ng (EBW). EBW would produce a weld with a very
narrow heat affected zone. However, very high production quantities are
needed to amortize the extremely high capital equipment costs. Hence, the
greatest gain in producibility of the AATAC wing can be obtained by assuring
proper alignment and fixturing of the part using RSW.

B. Wing Material Selection

Discussions with designers at the JPL revealed JPL's concern about
the selection of 17-7 PH steel as the wing material. The AISI 631 stainless
steel alloy, ARMCO trade designation 17-7 PH, used to fabricate the flex-wing
is a gemiaustenitic precipitation hardenable stainless stecl. This family of
alloys 1s produced in most all forms and iIs readily available in strip and
sheet products. Typical costs for the alloy in thin sheet sections range
from $10 to $12 per pound. Concern has been expressed by the JPL over the
susceptibility of 17~7 PH stainless steel to exhibit stress corrosion crack-
ing (SCC), induced by bending of the flex~wing during long perfods of stor-
age. PED engineers discussed the problem at length with JPL personnel and
have researched the problem. S2veral factors are luvolved in the wing mate-
rial selection decision process.

1. Shelf Life/SCC

The mechanism of accelerated corrosion by static stress is gen-
erally agreed to be caused by energy stored in the distorted metal which makes
it less noble, or caused by a variance in electrical potential of the metal.
Investigations have shown that increasing the nickel content above 8 percent
is beneficial, but complete Immunity to this type of cracking is not reached
until the nickel is higher than 45 to 50 percent. However, such alloys are
expensive and not commercially avallable.

2. Comparison of Cardidate Alloys

The scientists at JPL have suggested AMAX Speclality Metals
Corporation's MP35N alloy as an alternative to the use of 17-7 PH steel in
wing fabrication. This 1is a high nickel content alloy which would eliminate
any possibility of SCC which might exist. However; the alloy i8 quite gpaecial-
ized, and as such, 1s quite expensive. 1In addition, the alloy contains ele-
ments which are considered "critical” by the U.$. Army, and whose use should
be avoided if possible. JPL also suggested the use of 14-8 Moly steel in
wing fabrication. PED's investigation of this alloy revealed that the prod-
uct Is not currently being produced in the United States. Several soutrces
are capable of produclng it, but the startup costs could be very high.
Another alternative is to use 15~7 Moly steel. This alloy should provide
glightly better SCC resistance at a price which is comparable to the 17-7 PH.




The following table gives a comparison of the alloys, their chemlcal composi-
tion, purchase price, and material cost to produce one wing:

TABLE 1. Comparison of Candidate Alloys.

Material

Material Chemistry Price (1 1b) Cost/Wing Notes
17-7 PH  17% Cx, 77% Ni $ 9-12 $ 1.62 Current Material
MP35N 35% Ni, 35% Co $ 90 $14.90 Sole Source,

207% Cr, 10% Mo Critical Material, Alt.

Heat Treat Req.

14-8 Mo  14%Z Cr, 8% Ni, $15-20 $ 3.00 Not Being Produced

2% Mo
15-7 Mo 15% Cr, 7% Ni, $§9-~12 $ 1.62 Similar Processes

2% Mo as 17-7 PH

3. Recomuended Material

The results of the review of the manufacturing and producibility
related considerations of alternative waterials indicate that the current
material, 17-7 PU steel, is the best alternative for flex-wing fabrication.
Therefore, it is suggecsted that further rescarch be conducted to determine the
true potential of SCC before a commitment is made to change wing material.




III. PRODUCTION PROCESS SELECTION

One of the key results of any producibility analysis 1s the identifica-
tion of the most economical productilon process for each part. The following
sections describe PED's methodology for determining the most economical manu-
facturing method, and detail the results of the producibility analysis for
the AATAC wing configuration.

A. Process Capabllity Analysis

The Production Planning and Control Group of the PED has developed
an evaluation and rating method for recommending and selecting a manufac-
turing process capable of producing a particular part of a system. The rating
system is called a Process Capability Analysis and is divided into three
major catagories: (1) deslgn characteristics, (2) total cost, and (3) second
order variables. Design characteristics consist of all physical allowances
and limitations specified in the drawing package. These include minimum hole
diameter, tolerances, surface finish, and minimum wall thickness. The total
cost 1s used in order to provide the client with the most efficient method of
producing the part for the given quantity. Included in the analysis is a
study of raw material costs, production costs, and tooling costs. The cost
analysis is based on the assumption that at least 10,000 parts will be pro-
duced. The seconrd order variables consist of all factors that influence the
manufacturing environment, yet do not directly effect the productlon costs
or design requirements. These variables include lead-~time, applicable materi~
als, and mechanical properties.

The rating system used in this analysis is a comparative, or tradeoff
couparison, system. Each catagory is chosen and a cowparison 1s made between
several manufacturing techniques. The techniques considered most often were
machining, forging, extruslon, powder metallurgy, permanent mold casting, die
casting, investment casting, and plastics molding. The coumparison is made using
relational numeric values. Design characteristics for each production alter-
native are given a rating depending on how they coumpare to the desired design
gpecification. Cost factors are glven relational scores based on a comparison
with similar attributes for the alternative manufactucring methods. The values
for each process are then summed, and the method with the highest gscore is cho-
sen as the best alternative for manufacture of the part.

B. Production Processes Considered

In performing the AATAC producibility analysis, four mass production
metal forming processes recelved primary consideration. Tnese four processes:
permanent mold casting, investment casting, die casting, and powder metallurgy,
were chosen due to the sultability for preclsion, high quality, and high volume
production. For each AATAC part, the four processes were compared agailnst the
more traditlonal processes of machining and, if applicable, forging and extru-
sion. The following sections present a basic overview of the process parameters
and their applicatlions.

1. Permanent Mold Casting

The permanent wold casting process employs gravity to introduce
the metal to the mold. The wolds most commonly are made of fine grain cast




anEe o

et Tt aly

RS - B

E

iron or steel. Alumipum, magnesium or copper based alloys are the most com~-
mon casting materials. A rigid mold offers great resistance to shriunkage of
the casting. As a result, only relatively simple shapes are cast by the per-
manent mold process. Because of the nature of the mold, permanent mold cast-
ings have very good dimensional accuracy and smooth surface finishes. Solid
die tolerances for aluminum and magnesium alloys are + 0.015 inches up to the
first 1.0 inch, and + 0.002 for each additional inch increment. Copper based
alloys have solid die tolerances of + Q.01l5 inches up to the first luch, and
+ 0.005 inches for each additional inch increment. In general, permanent mold
casting provides greater flexibility and less lead-time and cost where medium
production quantities are involved.

2. Investment Casting

The investment casting process makes possible the casting of a
wide range of shapes and contours in small size parts. Although it 1s more
costly than the other casting processes, the investme~t process offers low
cost solutiens to problems where the part is small, the metal is hard to work
or machine, and intricate contours and an excellent surface finish is needed.
With investwent casting there are definite size limitations, expensive pat-
terns and molds, and a high labor cost, but investment casting produces high
dimensional accuracy, surface finish and {ntricacy. Physical properties that
can be expected from this process include tolerances that range from +0.002 to
+0.002, draft allowance of 0 to 0.5 degrees and size al’owances fron ounces to
100 pounds. Investment casting will accommodate lot sizes in the thousands,
but is better suited for small lot sizes. Investument casting is also advanta-
geous when casting very thin pleces, some as thin as 0.015 inches. Although
this process 1s complicated and rather expensive, the surface finish 1s so
smooth that it proves to be a cost efficient manufacturing process due to the
small amount of machining necessary to finish the part.

3. Die Casting

Die castings offer the user of high volume, small, nonferrous
castings an exceptlonally profitable combination of low cost and wmaximum de-~
sign flexibility. Advantages of the die casting process ilnclude smooth sur-
face finish, dimensional accuracy and intricacy with a rapid production rate.
Ou the other hand, there are size and material limitations and a high tooling
cost. Die casting is typically used for casting motors, office equipment, and
optical equipment. The most common materials used are zinc, aluainum, brass,
tin, and magnesium. The expected dimensional tolerances raunge from +0.001 to
+0.005 inch.

4. Powder Metallurgy

Powder metallurgy 1s a process in which finiehed parts are pro-
duced from metallic and/or nonmetallic powders by compaction. The process
includes making powders from the raw materials, blending the powders homoge-
nously (usually adding a lubricant), compacting the powders into shape in a
die, sintering by heating below the wmelting point, but allowing diffussion,
and {finisiiing the part by wmachining, heat treating, etc. The equipment needed
iancludes a compaction press, aucillary equipment/tooling, dies, blenders, a
sintering furnace, and an atwospheric gas supply. Powder metall irgy's ecase of




automation lends the process to mass production through the use of advanced
conveyor system, high production rate presses, and large capacity sintering
furnaces. The powder costs for this process are usually high, but the economic
advantages of the process include low equipment costs, low scrap loss, and a
high degree of process flexibility. The mechanical advantages of this proucess
include controlled porosity, the ability to obtain unusual material properties,
a high product strength to weight ratic, and the ability teo work with materials
which cannot be formed using traditional casting processes.

5. Centrifugal Castilng

Centrifugal casting is a process by which castings are formed
as a result of the centrifugal forces developed by rotating a mold about its
axial center line. This process is used to produce products which are sym-
metrical about their ceater line. A dry sand or wetal mold can be used de-
pending on the required surface finish. Centrifugal casting is commonly used
in the mass production of pipe, pressure vessels, and other cylindrical shapes.
The equipment costs for smaller parts are relatively iunexpensive. Mold costs
for this process are relatively high, but the molds have very long life so
that the nonrecurring costs, on a per unit basis, will be fairly low as con-
pared to other casting processes. The commercially avallable suvface finishes
are in the 20-300 wicroinch range. Tolerances of .0l inches per inch are
readily attainable, and attainable production rates are similar to those for
permanent mold casting. Also, scrap losses for this process are lower than
those for other casting type processes, and yields of 90 percent are commer-
cially attainable.

C. Recommended Production Processes

A Process Capablility Analysis (as described in Section III.A) was
performed on each of the parts in the design baseline. The results of the
analyses and a discussion of each part are presented in the following sectious.
Process Capability Analysis worksheets for each part are presented in Appendix
B.

1. Wing Base (RD-ST-WF-304)

The Wing Base is a small (4.25 x 1.0 x .125) detailed part used
to form a mounting for the wing on the Center Fuselage. There are four Wing
Bases required per round. The designer initiated material selection is alumi-
num alloy 6061-T6. This is & standard structural aluminum alloy and 1s readily
avallable in large quantities at reasonable rates. The Wing Base itself is a
fairly simple part in design. The required tolerances are conducive to high
rate production methods with the exception of the placement toleranre —.003,
-.000 called out in two places on the drawing.

The production operations considered for high rate fabrication
of the Wing Base were powder metallurgy, permanent mold casting, die casting,
and investment casting. The results of the Process Capability Analysis indi~
cated that die casting will be the most econouical production method for this
part procurred in the required quantities. It should be noted that die casting
and investment casting can produce the part in near net shape, with the ream
and countersink operations not belng required. The milling operation needed
to obtain the tolerance listed above will be required with all processes. The
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recommended material for this case is aluminum alluy 356~T6. Al 356-T6 is a
castable allcy comparable in cost and physical properties to Al 6061-T6.

2. Center Fuselage (RD~ST-WF-307)

The Center Fuselage section is a fairly large (13.7 length,
5.8 diameter) cylindrically shaped symmetrical part which replaces the Center
Section (13218295) in the current TOW design to form the midsection of the
missile and provides the location for wing attachment. The part is a ithin
wall shape with an inconsistent inside diameter. There is an indented section
in the forward end of the part to allow the folded wings to remain relatively
flush with the missile's outer skin. The designer initiated material selec-
tion was Al 6061-T6, again an excellent selection for the prototype production
environuent.

The production operations considered for high rate production
of the Center Fuselage were permanent mold casting, centrifugal casting, die
casting, and investment casting. The die and investment casting processes
will produce the required dimensional accuracy and surface finishes, but these
processes present the economic disadvantages of high touch labor and proc-
essing costs (investment casting), and extremely high die design and fabrica-
tion costs (die casting). The permanent mcld process will cause high proc-
essing costs and requlre extensive machining expense. The centrifugal cast-
ing method was chosen as most economical due to the relatively low processing
costs, durabllity of the dies, and applicability of the process to shapes
similar to the Center Fuselage. Fabrication of the Ceuter Fuselage by this
method will require additional machining, but this function can be quickly and
economically performed with the ald of Computer Numerically Controlled (CNC)
machinery.

3. A-3 Clip

The A-3 Clip is a very small, precisely dimensioned metallic
bracket used to attach the wing to the Center Fuselage. The part, as designed
by JPL personnel, is fabricated from 17-7 PH steel. The clip has numerous tight
angles and contours which are required in order to obtain proper wing movement
both during assembly and launch. There are eight clips required per round.

The production processes investigated for high rate manufacture
ineluded stamping, die casting, investment cagting, permanent mold casting,
and powder metallurgy. The Frototvpe Engineering Division of SEPD currently
uses a mold and brake press with which to form prototype clips into shape.

The parts are then machined to obtalin dimensional accuracy. While this opera-
tion is an excellent choice for prototyping and limited production rums, the
high production quantities that would be required in AATAC production call

for a manufacturing method repeatability and speed. For these reasons, die
casting was chosen as the most economical production method for the projected
production quantities. Die casting provides the highest level of dimensional
accuracy and process repeatability while providing a very low processing cost.
Die casting {s not witho t its drawbacks. The mold design and fabrication
costs for this process will be very high and the mold durability will be de-
graded by the extreme temperatures required to cast !7-7 PH, but these costs
will be spreadout over a very large production quantity.

10




4- A-3 ‘.‘.’ing

The A-~3 Wing was designed for the AATAC program by JPL personnel.
The wing is a pocket of formed 17-7 PH steel which has a small "doubled" sec~
tion of material on each side. The wing has small slots through which the
clips are used to attaci the wing to the Center Fuselage. The wing ls designed
so0 as to utilize the physical properties of the material to cause the wing to
open and hold shape during flight.

The prototype wing fabrication is beling performed by JPL. The
methodclogy used in wing manufacture is as follows:

a. The 17-7 PH steel is purchased in sheet form and in the
annealed condition.

b. JPL uses a preprepared blank to shear the 17-7 sheets into
the shapes required for the wings and doublers.

¢. The contours of the wing halves and doublers are formed using
a swall hand operated roll press.

d. The cutout along the bottom (missile body edge) of the wing
halves are ground to shape.

e¢. The wingtip tab is folded with a small break press.

f. The doublers are spot welded to the wing halves.

g. The wing halves (with doublers) are heat treated to the RH950
condition. Contoured metal supports are used to prevent deformation during
heat treat.

h. The cusps are flattened using a two-step operation and a
small fixture. The cusp flattening operation is a precise procedure which
is viewed as the most critical production step. The proper angle must be

obtained to allow the release of yleld stress to form the required wing shape.

i. The wing halves are attached via the tab. One wing half tip
(without tab) is tucked under the folded tab of the other half.

j+ The wing halves are flattened together using a fixture, aud
the halves are spot welded together using small weld placement fixtures as
guidelines.

k. The excess wing material is trimmed after welding.

1. The completed wings are cleaned.

5. Synopsis cf Recommended High Rate Manufacturing Operations
for the A-3 Wing

Due to the unusual mechanical function required of the part
shape and its material properties, the production methods by which the wing
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can be fabricated are limited. Several of JPL's production processes are
required to obtain certain material or structural characteristics. This
limits the process candidates even further. TIn order to insure functional
integrity in a high rate enviroument, it was determined that the recowmmznded
production alternatives should remain as similar to the JPL fabrication
methods as possible.

Several of the methods chosen by JPL are economically feasible
{with minor modification) in a high rate environment. The following is a
synopsis of the high rate manufacturing operations recommended for wing pro-
ductlomn:

a. The use of high speed automated blanking equipment to form
the wing halves and doublers will provide excellent process economy, aund the
development of a slightly more elaborate blanking die will allow the blanking
of the wing half cutout, thus eliminating the need for the grinding operation
currently performed at JPL.

b. The wing and doubler contours, currently formed using a small
hand operated roll press, can be formed using a continuously operational
medium size roll press with an autofeed mechanism. This method will allow
for a great deal of process flexi{bility with a minimum of operator involvement
and assoclated labor costs.

c¢. The wing tab folding and cusp forming will be accomplished in
much the same manner as current JPL practice. These operations greatly effect
the production reliability as well as missile performance and should be per-
formed in a precise manner.

d. The doubler and wing halve welding operations should be auto-
mated to the greatest extent possible. The development of detailed patterns
and precise fixtures will insure maximum process reliability and repeatability.

e. The heat treat, trimming, and cleaning operations will be
performed to the same process specifications currently used, but batch opera-
tion will allow for economical manufacture. The heat treat operation will re-
quire a cleaning operation prior to heating to remove oil and other impurities.
This cleaning will be accomplished by vapor or solvent degreasers followed by
gcrubbing with a mold abrassive, and cinsing to remove dirt which could cause
scale buildup. The parts should be heated to 1400 °F with an electric or
radiant gas tube furnace to prevent contact with combusion byproducts. The
parts may be precipitation hardened in hydride or nitride salt baths. Scales
should be removed by wet or dry grit blasting or vapor blasting.




IV. PRODUCTION COST ESTIMATION
A. Methodology

PED has prepared a production cost estimate for the AATAC wing de-
sign. The estimate was prepared using a combination of computer-aided cost
analysis techniques developed by PED personnel. These cost techniques were
developed specifically for use in analyzing the transition of RD&E Center
development programs to the high rate production enviroument. The algorithms
have been used on other RD&E Center programs such as SPIKE, E-M Actuator, and
SETTER, and have proven to be quite accurate. The algorithms have been devel-
oped using information gathered from various MICOM missile production programs
and through interaction with local and regional metal working operations. In-
formation gathered from the I1CAM Cost and Design Guide developed by Battelle
Laboratories for the U.S. Air Force, was also used in the preparation of the
algroithms.

B. Cost Estiunates

The cost analysis performed on the AATAC wing design assumed a pro-
duction rate of 2500 missiles per mouth (current TOW 2 production rate). The
cost estimates were performed using the recommended economical production pro-
cesses ldentified as a result of the Prucess Capability Analysis (reference
Section II1I).

1. AATAC Wing Corfiguration

The results of the cost analysis iandicate that the AATAC wing
design can be produced for $185.10 per missile. The cost driver in this pro-
duction scheme is the Center Fuselage. This part accounts for almost 40 per-
cent of the total fabrication costs. 4 summary of the AATAC wing fabrication
costs is presented in Table 2. Backup cost data for the AATAC wing config-
uration is contained in Appendix C.

2. Preseat Wing Configuration

A cost analysis of the current wing coanfiguration {(TOW 2) was
performed in order to provide information for a comparieon of the fabrication
costs of the two configurations. The analysis was initlated by gathering TOW
2 historical cost information, machining procedures, and process specifica-
tions. The coat data was compiled for parts corresponding in function to
AATAC wing coufiguration parts. The results of the analysis show a coat to
the Government of $106.74 for the current wing configuration. A summary of
the coct analysis of the current design is presented in Table 3. Relevant
backup cost information for the TOW 2 wing is contained in Appendix D.

C. Cost Comparison

A comparison of the fabrication costs of the two alternatives shows a
cost differential of $78.32 per rcund. An item by item comparison of the alter-
natives reveals that the majority of the Iincrease lies in the Center Fuselage
production. The Center Fuselage is longer than the TOW Center Section, but
the cost diffeorence comes primarily from the indention on the AATAC Center
Fuselage which 1s used to allow the wings to remain relatively flush with the

13
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missile skin. This indention forces a change In manufacturing method over the
TOW configuration, and in fact, dries the selection of a casting method for
manufacturing. Machining and finishing costs for the two parts are very similar.

D. Other Cost Considerations

This analysls has dealt with the fabrication and testing costs of the
AATAC wing. There is one other cost which should be given consideration in .
future analyses, and that item is the cost of assembling the two alteruatives.
The assembly process 1s quite labor Iintensive and will prove to be a major
cogt factor in AATAC production. As a part of this analysis, the assembly
instructions and procedures for the current TOW 2 wing were veviewed. This
information was compared with probable assembly requirements for the AATAC
configuration, and the results of this preliminary comparison indicate that
the increased fabrication costs of the AATAC alternative may possibly be off-
set by lower assembly costs. A more thorough assembly review i; needed at
such time as the packaging deslgn for the AATAC configuration is complete.




V. IMPACT C:if TOW 2 PRODUCTION FACILITIES

PED personnel utilized in-plant SEPD representatives to evaluate the cur-
rent status of TOW 2 production and evaluate the impact that AATAC implementa-
tion will have on current operations. The evaluation centered around three
areas: make/buy policles, facilities, and tooling.

A. Make/Buy Methodology

The impact of AATAC production on TOW facilities and equipment will
depend largely on the make/buy policy adopted by the prime contractor. For
the purposes of this analysis, it was assumed that the make/buy decision would
be purely economical. 1In other words, it 1s assumed that any fabrication capa-
bility required for AATAC production which is not currently available within
the prime contractor's facility will be subcontracted to an outside vendor or
a sister division of the prime contractor. This approach will minimize the
impact on the current production operation and should provide the most econom—
ical production alternative. Compliance with this methodology will require
the "outside" manuracture of several parts. The center section should be pro-
cured from a casting house that speclalizes in Centrifugal Casting. This will
minimize the cost assoclated with the casting equipmeunt and should lower mold
design and fabrication costs. The machining and finishing operations can be
accomplished at the prime contractor (as 1s the case for the current center
section). The wing base and clip should be cast by a Die Casting vendor. The
finishing operations required for these parts can be accomplished either in-
house or by subcontract.

B. Facilities

The evalvecion of the floor space and physlical plant of the TOW 2
production facility identified the current building and area as adequate to
gupport the modifications required to support AATAC production. The assembly
areas appear to be of adequate slze to support AATAC wing and center structure
assembly operations. Only minor changes will be required in the assembly line
flow. The lmpact of electronics assembly process changes that will result
from AATAC incorporation will require some slight modifications to the elec-
tronic assembly areas, but the impact will be winimal and changes can be in-
corporated with only slight expense. The drawing in Appendix E shows the
current facllity leayout.

C. Tooling

The evaluation of the tooling requlirements centered around the manu-
facturing equipment necessary to produce and asgsemble the modified wing
structure. The tooling required will include automated blanking equipment,
multiple head spot welding equipment, and a break form press. The equipment
is not all currently available at the prime, and it suggested that the sub~
contracting of wing fabrication to a vendor that 1is currently utilizlng this
type nf equipment be considered as the tooling costs assoclated with this type
of fabricatiou wiil be significant.
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The other tooling required to implement AATAC manufacture is basically
modified TOW tooling. The handling equipment will have to be modified to in-
corporate the changes In missile size resulting from using the AATAC fuselage.
This modification could result in moderate costs due to the large quanties
of handling equipment required to support the production rate. Additional
fixturing equipment will be required to support the different wiiy assembly
method, but the costs will not be significant. The current TOW Center Section
requires extensive machining and finishing operations which are performed on
CNC machining equipment. This equipment can be utilized to support AATAC
production.

The TOW test equipment can be used with minor modifications to the
fixtures and software.

VI. CONCLUSIONM
A. Recommendations
The following paragraphs outline suggested areas for future study.
1. Center Fuselage

The Center Fuselage as proposed in this report would be centrifu-
gally cast with slots and cutouts included in the casting. This procedure
leaves the job of placing, drilling, and reaming the numerous holes. Future
study efforts should center around Iinvestigation of state-of-the~art Centrifu-
gal Casting in ordevr to determine the feasibility of casting the holes. This
procedure, while increasing the cost of the mold, could provide a substantial
(15-20 percent) decrease in part fabrication cost.

2. Assembly Procedures

A detalled study of the assembly wmethods and fixtures needed for
AATAC production is recommended. As previously stated, the assembly costs can
be substantially altered by minor modifications iIn the preduct design, and
significant cost savings could be realized.

3. Spreader

The current AATAC configuration does not include a spreader. The
spreader is a fairly simple part in design and will have only a minor impact
o AATAC fabrication costs 1f uscd. However, the wing/spreader assembly could
become a selective assembly procedure, and using the spreader could substan-
tially Increase assembly costs.

B. Planned FY 87 Efforts

Follow-on producibility studies for the AATAC are planred. Planned
FY 87 efforts include an iandepth analysis of the fuselage modifications. The
FY 87 study will utilize a similar methodology to determine the most economical
fabrication materials and methods for the Forward Fuselage Extension and Splice
Ring, and a preclsion casting study of the Center Fuselage (as outlined above)
will be conducted. Planned FY 87 work also Includes a review of component selec-
tion, mounting, and assembly methods for the electroniecs items repackaged as a
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result of the center structure redesign. PED will alsu review designs of
spreaders (or parts which perform the spreader function) which may be consldered

for AATAC use 1n order to analyze the lmpact of design Incorporation on AATAC
cost and producibility.

VII. SUMMARY

The AATAC wing design is producible iIn 1its curreant form. No major de-
sign modifications to improve producibility are required. Several material
substitutions to utilize high rate production processes have been suggested.
The materials usad in the design are readily available at competitive prices.

The incorporation of the AATAC configuration into the TOW 2 production
environment can be accomplished with ease. No brick and mortar facility wmodi-
fications will be required, and a competitive make/buy strategy will ensure

the lowest possible production prices and maximum utilization of equipment and
facilities currently in use for TOW productioan.

The AATAC wing fabricaton costs are comparable to the costs for the fab-
rication of th TOW 2 wing. Cost analyses have shown an expected increase of
less than $80 per missile in fubrication costs. Future assembly cost studies
could close the price differential gap.

PED will continue to support the Structures Directorate by performing
producibility studies on other AATAC components and design changes in an

effort to ensure the lowest possible AATAC production costs and the most pro-
ducible AATAC system.

L9/ (20 blank)




PART TWO
FY 87 — SECOND YEAR REPORT
I. INTRODUCTION

As the second of a two-year production task, Production Engineering Divi-
sion (PED), System Engineering and Production Directorate (SEPD), Research,
Development, and Engineering (RD&E) Center was directed by the Structures
Directorate to isolate producibility efforts on the development of the wing
design in the AATAC Flex-Wing program. This second year study assesses the
fabrication, cost and material selection of the wing and provides detailed
documentation of the results.

A. Problem Statement

The specific tasks identified by the Structures Directorate include
the following:

1. Estimate production costs of the flex-wing based on current method
of fabrication for 24,000 sets of flex-wings per ycar, and a total of 250,000
sets.

2. Review 11 detail the AATAC Flex-Wing structural drawing, for pos-
sible ways to reduce production costs using the current fabrication methods.
Congult with Jet Propulsion Laborateory (JPL), and Time and Materials (T&M)
contractor, to suggest ways of improving the current method of manufacturing.

3. Investigate different flex-wing manufacturing methods, estimate
costs, and compare all methods for cost effectiveness and production repeat-
ability.

4. Assess the iwpact of using different materials, for the flex-wing
on production methods aud costs.

5. Provide the Warhead and Fuze Function a technical report, on the
resul s of the two-year producibility study by SEPD, on the AATAC Flex-Wing
and missile.

B. Methodology

The second year producibility effort for the AATAC wing design was
conducted in-house by PED. This study also was supported by Machine Craft
(T&M contractor) and Jet Propulsion Laboratory (JPL). The cost analysle was
pertormed using algorithms developed by PED. Material prices and manufac~
turing equipment information were obtained through private enterprise contacts.
The University of Alabama in Huntsville Library and Redstone Scientific Intor-
mation Center (RSIC) were also referenced as information sources.
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IT. CURRENT FABRICATION

The JPL issued a Flexible Wing Manufacture and Assembly Procedure as a
guideline for the current fabrication of the AATAC Flex-Wing. These guilde-
lines coupled with fabricating wmethods obtained from the T&M contractor,
Machine Craft, are presented as a workable model for the current AATAC fabri-
cation method. The following is a list of those comwbined guldelines, along
with descriptions of each step and machinery and processes necessary in each
gtep to manufacture the AATAC Flex~Wing:

A. Mill Anneal Sheets of Material at 1950 °F + 25 °F to Reach Condi-
tion A

"Annealing of steel is a heat-treating process in which the steel is
heated to some eclevated temperature, normally in or near the critical range,
is held at this temperature for some period of time, and is then cooled,
usually at a slow rate to change physical preoperties. Annealing 1s employed,
in this case, to soften steel for machining, cutting and stamping processes”
[l]. "Heat-treating can be accomplished with various kinds of furnaces; gas,
oil or electwically heated furnaces are available” [2]. VFor estlmating pur-
poses, oil heating for the furnace power source 1s assumed. The aanealing
process is a time—consuming task, bul actual cost drivers are linked to the
setup and handling time (loading and unloading the sheets of steel from the
furnace) and wnot the annealliag process itself.

B. Machine and Form to Dimensions Per Figure 3 of Drawing
RD~8T-WF~336 for A~4 Wings (Appendix G)

A blanking process is currently being used by Machine Craft to ma-
chine and Form the wing halves. “Blanking is a shearing operation In which a
die is configured to epecified dimensions and used to staump shapes from solid
sheets of metal” [3]). Blanking 18 a semiautomated process and cost driveis
consist of tooling cost, handling time and setup time.

C. TFold Tab at Wing Tip to a Miaimum Bend Radius of 0.024 Inches
(150 percent skin tnickness)

A press brake is currently being used by Machine Craft to fold the
wing tabs. “Press brakes are used to brake, form, seam, trim, and punch sheet
metal. They have short strokes and are generally equipped with an eccentric
type of drive mechanism. Conventional power press brakes may be either hy-
draulic or mechanical" [4]. Press brakes are semfautomated and cost drivers
consist of tooling cost, handling time and setup time. Using a hydraulic press
brake, Machine Craft folds the wing tab to a 90° angle and leaves the tab in
this state until the spot weld’ng of the wing halves occur.

B. Clean Parts in Sonlc Cleaner with M50 Solution for 30 Minutes

The cleaning process is necessary to remove impurities from the sur-
face of the material. This process occurs twice In the production process of
the AATAC Flex-Wing. 1The first time, the wing parts are cleaned to prepare
for the spot welding of the doublers. 7The second tiwe, the wing parts are
degreased to prepare the part for heat treating. An advantage to this process
is multiple parts may be cleaned at one time and monitoring Ie¢ not necessary.
Therefore, Lhe cost driver consist mainly of handling time.
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E. Spot Weld Doublers to Wing Halves per Pattern in Figure 2 of
Drawing RD-ST-WF-336 for A~4 Wings (Appendix G)

From information obtained from JPL, the spot welding process is one
of the more cruclial steps in the AATAC wing agsembly. Becaase of the heat
geuerated by the resistance welding process and the small scale at which the
welder is working, extra care in the design and the welding stages are ueeded.
Spot welding, or resistance welding, 1s a joining process {n which high cur-~
rent flow {s generated by electrodes, when contact is wmade, and this curreat
ig allowed to pass between two pleces of securely clamped metal. Heat belng
generated by the electrodes create a jelning process or a weld. A key factor
in the spot welding process is fixturing or the clamping process. A good weld
is not obtalnable without good contact between metals. Curreat specifications
recommend electrode pressuiac to be 10 pounds. Spot welders compared to most
manutacturing machinery are very inexpeusive. TFixturing and handling times
are key cost drivers, but these can also be lowered by automation. Machine
Craft {s currently using a hand held Miller spot welder.

F. Deburr All Parts

"Blanking coperations often leave sharp, and possibly daugerous, edges
that cannot be remeved In the cleaning process” [5]. These sharp edges wmust
be deburred. Curreatly, Machine Craft 1s using a hand deburring process which
congist of wanual elements. The anticipated deburring operation for full
gcale productlon 1s loose-abrasive deburring. "“Loose-abrasive deburriang is a
controlled method to remove burrs. Parts to be deburred are placed in a vi-
brating tub with an abrasive uwedla, water or oil, and perhaps some chemical
compound. As the tub vibrates, sliding wotions of the media cause an abrading
action. abrasives are ugually aluminum oxide and silicon carbide and exist in
a preform geouwetry” [6]. Loose-abrasive deburring eliminates most of the
manual labor involved ia this deburring process, but handling tiwe is a key
cost conslderation along with the machinery investment.

G. Shape and Form Wing Halves to Figures 6 and 7 of Drawiung
RD--ST-WF-336 for A-~4 Wing (Appendix G)

This operation introduces a curvature to the flat blasked wing halves.
JPL has used a hand rolling technlque to accoumplish this task in the past, but
this method must be interchanged with a wmeore automated operatlon in order to
lower corrosion cracking and production cost due to excessive handling. One
solution to the handling problem is the use of a press brake machine. Pres-
ently, Machine Craft is using a press brake machine to bunp the curvature in-
to the wing half. The bumping occurs in wore than sixty I{solated spots across
the width of the wing half. A small amount of handling is still required, but
a majority has been replaced. Refer to Step 3 (Folding of Wing Tab) for a
description of the press brake.

H. Clean Material by Vapor Degreasing and Alkaline Cleauning
Processes 1n a Protective Atmosphere or Vacuum

This operation prepares the wing halves for the heat treating process
(Step 9). ™"Vapor degreasing is a metal chemical cleaning process that intro-
duces fresh chlorinated solveats onrto a contaminated gurface on a continuous




basis. Therefore, not only is the solvency action at a maximum, but any re-

tained solveut will have a minimum residual oil concentration and will leave

the lowest possible residue on the surface of the parts belag cleaned” [7].

“The parts are lowered into a tank in which the solvent has been heated to its

boiling point causing the solvent to vaporize. As the hot vapors meet the

cold parts, the vapors condense and dissolve the dirt” [8]}. Alkaline cleaners

are particularly effective in soak tank operatiouns. "Soak taunk cleaning solu-

tions comprising caustic soda, soda ash, phosphate, silicate, aud wetting .
agents are cocmercial’'y available. The parts to be cleaned are immersed for a
period of 5 to 20 minutes, water vinsed, and dried prior to additional opera-
tions. Both vapor degreasing and alkaline cleaniang ave more suited to batch
work than to continuous processing because of the dwell time"” [9]. This fact
leads to cost savings in high rate production, but haundling time is still a
producibility consideration.

1. Heat Treat Wing Halves Using a Mild Steel Contoured Support
to Prevent Sagging. The Wing lHalvee will be Austenlte
Conditioned, Martensite Transformed and Precipitation
Hardened.

1. Austeuite conditioning. Heat to 1750 °F + 15 °F for 10 mluutes;
air cool to coudition A-1750.

"Heating a conditlion A material in the austenite couditioning
raage results in removing carbou from the solutlon in the form of chromium
carbides. Fewer curbides, though, are removed at 1750 °F than at a tem—
perature of 1400 °r" [10].

2. Martensite transformation. Cool within 1 hour to -100 °F + 10 °F;
hold for 8 hours to reach condition RH-100.

"Removal of the carbon and chroulum from the austenite matrix
wmakes the austenite unstable aund, upon cooling, results in transformation to
warteusite. Accompanying thig phase transformation is a substantial increase
in magnetic permeability and a diwmensional expansion of about 0.0045 in./1iu.
1n the martevsitic condition, the aluminum in the 17-7 PH steel is 1n super-
saturated solid solution™ [1ll].

3. Precipitatton hardeuing. A-4 wing - heat to 950 °F + 10 °F;
hold for 1 hour and air cool to reach condition RU-950.

“Upon heating tor precipitation hardening, the aluminum iu the
martensite is preciplitated as Ni-Al ifntermetallic cowpound. The precipltation-
hardening treatment has two functioms: (1) it stress relieves the martensite
for increased toughness, ductility, and corrosion resistance; aud (2) 1t pro-
vides additional hardeuing by preciplitation of the intermetallic compound
(N1-AL)" [l12].

The overall purpose for this heat treating process is to restorve
strength to the wing halves. This process is complex, but as meuntioned in
Step 1 (Annealing), the specific heating operatlon is lmmaterial to cost esti-
mating, "the driving cost during production is the handling time” [13].
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J. Wing Assembly

- 1. Flatten the cusp area of the lower wing half (with tab) by flat-
| tening the central, gently curved section of the wing half and hold in

: fixture.

2. Tuck upper wing half (without tab) under folded tab of
the bottom wing half.

“ 3. Flatten cusp of upper wing half.

) 4. Clamp chord lengths together and spot welid per Figure 1 of
drawing RD-ST-WF-336 for A-4 wing, (Appendix G).

Substeps J.1 through J.4 are all performed by Machine Craft using

a hydraulic press brake and a Miller spot welder. The press brake eliminates
handling (corrosion) and time lost for fixturing. The spot welder igs a re~

! placement for the UNITEK 125 machine which yilelded the best results at JPL.

4 Also, with the introduction of the press brake, Machine Craft expects some

angling modification to be performed on the spot welder electrodes. Refer

¢ to Steps 3 and 5 for detailed information about the press brake machine and
the spot welding process.

5. Trim the assembled wing to dimensions per Figure 5 of drawing
RD-ST-WF-336 for A-4 wing (Appendix G).

In thils process, excess material is removed from the wing by a

R cutting or grinding operation. This extra waterial is necessary because it

iW’ is used in the clamping operation for leverage aud also serves as a gulde to

i position the clamps. Machine Craft proposes tn machine off the waste material.
'ﬂ This process will incorporate a milling wmachinz. "Milling machines are semi
A or fully-automatic and have several distinctive features: automatlc cycle of

approach cutter and work relative to each other; rapid movement during non-
cutting part of the cycle; and selective spindle stops and speeds. After the
machine is setup, the operator is required ounly to load and unload the machine
4 aud to start the automatic cycle” [l4]. This advantage lcewers production

L costs.
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ILT. PRCDUCTION COST ESTIMATION

PED) has prepared a cost estimation for the AATAC Flex-Wing. The estima-
tion i{s hased on the current method of fabrication at JPL, with high rate pro-
ductfon fnputs from Machine Cratt, for 24,000 sets of flex-wings per year.

A. Methodology

Information compiled for this report was obtained via Methods Time
Meagurements (MIM) technlques, standard macredata timetables, cost estimating
manuals used by machinlsts, aud Computer-Aided Production Engineering (CAPE)
techniques developed by PED. Information and algorithms obtained or used in
the first year report are also referenced.

B. Definiftion of Methods

MTM techniques are estlimates of individual body movements. ¥For in-
gtance, to estimate the time to 1ift a glass of water to one's lips, MIM tech-
niques considers the time to: reach, gain control, and lift the glass of
water. Time values are assigned to each step, based on welghts and distances,
and a total time 18 determined when added together. Standard macrodata time-
tables and cost estiwmating manuals used by machinist are a compiled list of
representative times to perform specific tasks. These tables and manuals are
not detailed like MTM techniques. Givan spacific characteristics for the pro-
cegs of lifting a glass of water, the timetables and manuals list a total
time for the operation. Computations, usually, are not necessary, but occa-
slonally, assuaptions uust be made. CAPE techniques are producibility engi-
neerlong algorithus, derived from previous documented reports by PED engineers,
fnstalled onto computers 1a spreadsheet form. "These algorithms have been
used in programs such ag SPIKE, E-M Actuator and SETTHER;™ and prove to be
accurate due to past experiences and constant updates [15].

C. Cosgt Estimate Overview

For estlwmating purposes only, the current fabefcation method used 1u
the development of the AATAC Flex-Wing 1is presented {n this report in ten steps.
Detailing the fabrication umethod in steps should create a more accurate report,
help make the fabrication process casler to follow, and glive the Warhead and
Fuze Functlon a comparison to last year's report. Using algorithums and man-
hour tlme tables, each step s avalyzed based oun equipment cost, material
handling time and setup time. These operations are represented in cost per
hour, and a $35 m:.ltiplier {s used. This hourly rate takes into cousideration
the average labor cost, overhead, and profit experienced by private industry.

A total cost estimate per wing 1s determined and presented as the sum of the
Recurring Cost (RC) rnd Nonvecurring Cost (NRC). RC's are operating expeases,
such as, the time required to stack wing halves after blanking; NRC's are ilail-
tial or startup expenses, such ay, the cost for a die used in the blauklng
operatlon.




1. Material
Purchase Material

Telephone calls were made to local contractors to obtalin a price
per sheet for 17-7 PH stainless steel - condition C. The sheet forms are of
dimensions 36 in. % 120 in. x .01l6 in. and the weight per sheet is 20.16
pounds. The best price available, assuming a purchase of 5 sheets, is $100.55
per sheet. (A 42.5 percent markup is included in each price in order to cou-
pensate for private iundustry's charges for handling, overhead, and profit.)
Assuming a purchase of 500 sheets, a total cost per sheet of $79 can be ac-
quired. AMI in Nashville, TN, furnished this cost Iinformation. Other sources
were consulted and gave similar cost data. Next, a total number of wing sets
per sheet were determined to get this price in terms of cost per wing. A
wing set consists of two wing halves, two doublers, and two wing clips. The
total volume of one wing set ig approximately 0.8 cubic inches (this includes
a 12.5 percent scrappage allowance). This volume divided iuto the volume of
the sheet (69.12 cublc 1nches) ylelds 86 wing sets. Therefore, the price of
the amaterial per wing 18 $0.92 assuming a production of at least 43,000 wings.

Mill Anneal to Condition A

Assumptions: A 250 day work yvar aud a production rate of 4.5
sheets annealed daily 1s assumed to meef the 96,000 annval wing rate. The
annealing rate could be much faster but the overall production rate could not
keep up. Only one furnace i3 needed for this operation, and it will be setup
once dally.

The purchased sheets of 17-7 Pll stainless steel are mill ap~
nealed to condition A. Using macrodata timetables [16] the RC is estimated
to be $0.0088 (rounded to $0.01) per wing. 7This estimate is based on the
time to load aund unload the sheets of steel from a furnace (1.3 wminutes per
sheet). The cost drivers are the welght and slze of the sheets. NRC is
estimated to be $840 over the production life. This 1s based on a setup
time of 6 minutes vach day. At 250 setups a year, this cost ls equivalent
to $0.00875 (rounded to §0.01) per wing. Thus, the total annealing cost per
wing (RC 4 NRC) is approximated to be $0.02.

2. Machine aud Form
Blank Wing Halves

Assumptions: Only one blanking wachlue 18 needed in this opera-
tion. Two sctups will occur daily over the production life.

In determining the cost to blank one complete wing, two methods
were used: (1) algorithms developed by PED engineers, aud (2) standard data
timotables. Each method approaches the blanking process differently, but
yvielded results that are similar. 1u order to benefit from both methods, an
average of each result 15 determined and presented as the final estimated
price.
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PED algorithms are presented first. Assuming a producttion rate
of 7.5 wing halves per minute, and 5 percent, 6.67 percent and 5 percent fa-
tigue, rest and learning curve factors, respectively, are present, the esti-
mated RC per wing half {s $0.083. The die cost and setup time are the two
cost drivers in the NRC estimation. Calculations yield the respective die and
setup costs as $6,895.94 and $530.97 annually. The die cost 1is based on a die
box dimension of 16.112 inches and the setup time I8 derived from 6.67 percent
of the total operating time in the blanking process. The total annual NRC is
$7,426.91, or $0.039 per wing. The total cost estimate is $0.24 per wing for
this blanking process.

The second estimate utilized standard wmacrodata timetables [17].
To use the tables, a box dimension of the blanked pleces wust be calculated.
A blank size of 10 inches was measured. The total time to blank, stack and
handle each wing part [s calculated to be 0.14! minutes, or a RC of $0.083.
Next, a blanking setup time 18 needed to determine the NRC. From the data
tables, a time of 0.65 hours 1s assigned. With a total blanking production
life of 28.2 days, 56.4 setups will be performed annually. This {s equivalent
to 36.66 hours or $1,283.1 over the annual production life. Therefore, the
NRC per wing part is $0.007. The total cost estimate per wing {s $0.09, or
§0.18 per wing for this blanking process.

Averaging the blanking estimates ($0.24 and $0.18) regulted in
a total cost of $0.21 to blank two wing halves.

The blanking process for the doublers {s the same as that of
the wing halves. The same methods and assumptlons used for Section IIT.C.2,
also apply in this section. The results of the PED algorithws and macrodata
timetables ylelded $0.18 per wing and $0.14, respectively, per wiang. The
average of these methods 1s $0.16. Thus, the per wing cost to blank the
doublers.

3. Fold Wiung Tab

Assumptions: Only oune press brake {3 needed for this operation
and setups will occur twice daily.

Folding the wing tab {s a prerequisite to the wing half welding
process. Using macrodata timetables [18], the total time to stack, position
and fold a wing tab {s estlmated to be 0.12 minutes. This price {s based on
a 10~inch box dimension of the wing lialf aud & 4 -1anch lip width of the tab.

The RC per wing is determined to be $0.07. The NRC {s derived from the setup
time aud the tables assign 0.3 hours. At 0.12 minutes per tab, 500 wiug tiabhs
cin be folded every hour or a total production life of 24 days. This tiuwe
translates Into 48 setups annually. Therefore, a total NRC is $504 per lot or
$0.005 per wing and the total cost estimate to fold one flex-wing tab {s $0.075.

4. Cleaning (preparation for spot welding)

Assumptions: No sctup tiwme will be needed for this operatfon
and the parts to be cleaned will be placed in an 8-in. x 18-in. x 60-in.
basket prior to submwersion into the M50 solution. Also, 10 mou-hour winutes
will be assumed lost while waiting for the parts to soak. A total of 384
wings wili be cleaned dally; this rate coincldes with the annealing operation.



The size of the holding basket (8640 cubic inches) can contain
the volume of 384 wings (273 cublc inches). Therefore, the cleaniug process
can be cowpleted {n a single operation. The time to load and unload the bag~
ket {8 the maln consideration in the cost estimate. Using macrodata time-
tables [19], an estimated time of 2.8 minutes to clean a basket of 2.04 wing
pleces {8 determined. With an addition of 10 minutes for waiting tlme, a
total labor time for this operation Is estimated to be 12.8 minutes. This
time is equlivalent to §7.50 daily or a cleaning cosi of $0.02 per wing set.

5. Spot Weld Doublers

Assuuptions: Currently, very little automation is being imple-
wented 1n this step. At least eight spot welding machines will be needed to
keep up with a daily production rate of 384 wing sets and one setup for each
welding machine will occur dally.

Macrodata tlmetables are vefercenced in this gection [20]). Using
a 10 and 4~-inch box dlmenslons for the wind and doubler, respectively, the
handling time 18 evaluated to be 0.47 minutes. Fifty-seven spot welds are
necessary 1o this welding process and the tables allow 4.2 secouds per weld,
or 3.99 minutes to spot weld the doevblers. The total RC time for this process
1g 4.46 minutes or a RC of $2.60 per wing half or $5.20 per wing. The NRC is
calculated bagsed on the setup cost and the timetables assigu 0.3 hours. With
eight machines setup daily over a 250-day production life, a total setup time
of 600 hours would be necessary annually. This time {8 equivalent to an annual
man-hour labor cost of $21,000 or a NRC of $0.22 per wing. The total doudbler
spot welding cost 1s §5.42 per wing.

6. Deburring

Assumptions: Loousc-abrasive deburrving will be used, only one
machine 1g needed and the machine will be sctup once dally.

The volume size of each deburred plece 18 nceded to determine
the RC. The volume for the wing half with doubler and wiug clip is 0.3564
cuble inches. Using the microdaca timetables [21), and considering handling,
washing, oill dipping and handpick digposing stepy, the cowbined RC time to
debur each wing htalf is 0.08433 mluutes. Therefore, the RC to debur a wing
half with doubler and a wing clip {8 $0.049 or $0.10 per wing set. The data
tables assign 0.1 mfuutes for setup time. Therefore, the total NRC time s
809.28 minutes over the production life or a NRC of $0.005 for the deburring
process. Thug, the total deburring cost per wing set s §0.105.

7. Shaplug Win

1.1
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Assunptions: A press brake maclhine will be used to introduce
the curvature to the wing halves, nfue machloes will be needed to keep up a
production rate of 384 wing scets daily and one setup per day for each wachine
will be required.

A box dimeusion of the wing blank and length of the area to be
bumped, 10 and 6.5 inches, respecclively, was deteruined and reference to the
nmacrodata tlmetables {3 made to estiwmate the shaping cost. The RC is cow-
prised of the bumping and stacking timesa. Machine Craft {solates 60 bumps per
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wing half, therefore, a time of 0.09 minutes per bump yields a total bumping
time of 5.4 minutes. A stacking time of 0.03 minutes per wing is assigned.
The total bumping and stacking times equal 5.43 minutes per wing half. The
RC per wing is $6.34. The NRC is the setup cost of nine press bruke machines.
A time of 0.3 hours per machine is assigned for daily setup. A total produc-
tion life setup time 1s calculated at 675 man-hours. Therefore, the total KRC
is $23,625 over the annual production life, or $0.25 per wing. The estimated
production cost for the shaping operation is $3.29 per wing half or $6.59 per
wing.

8. Cleaning (preparation for heat treating)
1. Vapor Degreasing

Assumptions: Only cune cleaning machine is needed in this
operation, and a setup time is not necessary.

Multiple part cleaning 1s possible in this operation; the
macrodata timetables [22] assign times for vapor degreasing based on part
slzes  The flex-wing box dimension is determined to be 30.2 inches. A time
of 0.085 minutes per wing set is asslgned. Therefore, the total vapor de-
greasing operation is equivalent to $0.05 per wing.

2. Alkaline Cleaning

This operation is the same ag IIL.C.8. A total cost of
$0.02 per wing set 1s estimated.

9. Heat Treatlag

Asgumptions: Wing parts are loaded and unloaded from fixtures
and furnaces by hand; two furnaces are needed to maintain daily production
rate of 384 wings, and one setup 1s necessary dailly for each furnace. Also,
the wing parts will remain in the furnace for the duration of all three sub-
steps (austenite conditioning, martensite transforuing and precipitation
hardening) in the heat~treating operation, and, therefore, the parts will be
transported to and from the furnace only once.

The wing half is calculated to be 0.36 cubic inches and used
with the macrodata timetables [23] a total time of 1.41 minutes per wing half
is estimated for the heat treating process. This time Includes 0.23 and 1.0
minutes to load and urload a part to and from a fixture, and a fixture and
part to and from the furnace, respectively. Additionally, 0.18 minutes 1s
included for protective clothing preparation. From this time the RC is cal-
culated to be $1.65 per wing. The timetables assign a setup time of 0.1 hours
daily. With two furnaces operated over a production life of 250 days, the
total production cost for setups is $1,750. Therefore, the total NRC for this
operation 18 $0.02 per wing. Thus, the total heat treating cost per wing is
$1.67.
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10. Wing Assembly
Flatten Cusp

Assumptions: One press machine 1s used in this operation, this
machine will make it possible to incorporate several substeps at one time.
Only one setup per day over the production life is necessary.

A box dimension of 10 inches 1s uscd, along with, macrodata time-
tables [24] to determine a production estimate. 7The times calculated for each
step in this operation are as follows: time to flatten bottom half of cusp is
0.37 winutes, time to tuck upper wing half under wing tab fs 0.21 minutes, and
time to flatten and clamp both wing halves is 0.17 minutes. A total time of
0.75 minutes is required for these steps, which is equal to a RC of $0.44 per
wing. A setup time of 0.3 hours is assigued for the press brake preparatinn.
This operation has a production life of 160 days. Therefore, a total produc-
tion cost of $1,680 exist annually for setups. This cost is equivaleat to a
NRC of $0.02 per wing. The total cost to flatten the cusps is $0.46.

Spot Weld Wiug Halves

Assumptions: 8ix spot welding machines will be needed to main—~
tain the production rate aud ouly one setup daily is needed for the wmachines.
The press brake machine, iwplemented in Section I11.C.10, will do away with
handling in this operation.

The wing halves are already fixtured, but a 180-degree rotation
time and spot welding tiwe must still be calculated. The wacrodata time-
tables [25] allow 0.08 minutes for rotating and 7.42 minutes for spot welding
114 individual points. A total spot welding time of 7.5 minutes is estimated.
This calculates to a KRC or $4.375 per wing. A setup time of 0.3 hours is
asgigned per setup. A total production cost of $15,750 is calculated for six
spot welding machines Lo be setup daily for 250 days. This cost is equivalent
to a NRC per wing of §0.16. The total cost to spot weld two wing halves is
$4.54,

Trimming

Assumptions: One miliing machine is needed for the total trim-~
ming operation, the wing halves are already fixtured (Section III.C.10), and
one setup 1s required dally over the production 1ife of the trimming opera-
tion.

Stacking, rotating, machining, and cleaning steps are all encom~
passed into the trimming operation. TFrom wmacrodata timetables [26], the es-
timated time to perform cach of these steps is as follows: 0.03 minutes for
stacking, 0.06 minutes for rotating the wing, and 0.07 minutes for cleaning.
The machining step requires a total time of 0.15 minutes and is derived from
0.06 minutes to start aud stop, 0.04 wminutes to reverse, and 0.05 minutes to
spindle back the machine. The total trimming operation I1s 0.31 minutes or a
RC of $0.18 per wing. An estimated time of 0.5 hours 1s required per setup
for the milling wachine. With a production life of 66 days, the total setup
cost Incurred over the production life 1s $1,155. This cost 1is equlivalent to
a NRC per wing of $0.01l. Therefore, the total trimming cost per wing is esti~
mated to be 50.19.
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1l. Production Cost Estimation Sumnmary

A summary of the production cost estimate is presented in Table
4.

IV. DRAWING REVIEW

PED performed a tolerance analysis in reviewing the AATAC Flex-Wing etruc-
tural drawings for possible ways to reduce production costs using the current
fabrication methods. PED also consulted with Bob Bamford, JPL, and Norm
Esslinger, Machine Craft, for ways to improve the current method of manufactur-
ing. The results were as follows.

A. Tolerances

The first step of the tolerance analysis was to confirm that the
manufacturing processes recommended could meet the tolerance requirements.
The rules and calculations used for this analysis can be found in Appendix H.
The tolerances from Drawing No. RD-ST-WF-337 (Appendix G) are + 0.5 °F for
angles, + 0.005 inches for dimensions with three decimal places, and + 0.02
inches for those with two decimal places. -

For the blanking process, a tolerance of + 0.005 inches is practical.
Therefore, blanking can be used without any additional processes, such as
grinding, to meet the tolerance requirements. The placement of the holes and
slots meet blanking constralants, and the sizes of the hole, slots, and tab are
achlevable with blanking.

A tolerance of + 0.005 inches is practical for most forming processes,
including hydroforming and the Guerin process. (These processes will be dis-—
cussed In Section V.A.3.) It should be noted that the tolerances for the
angle and radius of the inner bend allow for an arc length with a tolerance
of + 0.03 inches, which is looser than desirable. The reference dimensions,
hr and Wr (Appendix A, Figure 3: Formed Root-End Section of Wing-Halves), are
necessary to control the arc length.

PED's conclusions from this analysis are that the tolerances called
out 1n the drawing are practical, for the manufacturing processes, and there
1s no reason to loosen them.

B. Manufacturing Chauges

While consulting with Machine Craft for improvements In the maau-
facturing processes, Norm Esslinger, Plant Manager, recommended the process
order of the heat treating and spot welding procedures be interchanged.

Mr. Esslinger identified the transformation chauge the heat treated 17-7 PiH
material goes through during spot welding. The heat generated, from weldiung,
causes the material structure arouand the spot welding nuggets to change. This
change makes the materlal either brittle or soft; and the trunsformation 1is
inconsistent. Therefore, future problems may arise and flex-wing applications
may be limited. Interchanging the process order and devcloping a fixture to
help maintain the shape of the wing during heat treating will correct this
problem.
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1 TABLE 4. AATAC Wing Production Cost Analysis Summary.
" Production Rate: 96,000/¥Yr
f Material: 17-7 PH
|
d _ Total
Recurring Nonrecurring Cost per Cost per Percent
Process Cost/Part Cost Annually Part Wing Cost/Wing
Purchase Material $0.46 $0.00 $0.46 $0.92 4.50%
: Mill Anneal £0.01 $840.00 $0.01 $0.02 0.09%
i
1 . Blank Wing Halves
Method 1 $0.08 $7,426.91
\ Method 2 $0.08 $1,283.10
| Average $0.08 $4,355.01 $0.11 $0,21 1.03%
Blank Doublers
! Method 1 $0.08 $§1,174.00
Method 2 $0.07 $1,001.00
Average $0.07 $1,087.50 $0.08 $0.16 0.78%
K Fold Wing Tab $0.04 $504.00 $0.04 $0.08 0.37%
Clean {for welding) $0.01 $0.00 $0.01 $0.02 0.09%
: Spot Weld Doublers $2.60 $21,000.00 $2.71 $§5.42 26.51%
i
i Deburring $0.05 $472.08 $0.05 $0.10 0.50%
'i Shape Wing Halves $3.17 $23,625.00 $3.29 $6.59 32.22%
'! Clean {for heat-treat)
- Vapor Degrease $0.03 $0.00 $0.03 $0.05 0.247%
) Alkaline Clean $0.01 $0.00 $0.01 $0.02 0.107%
Heat Treating $0.83 $1,750.00 $0.83 $1.67 8.16%
Flatten Cusp $0.22 $1,680.00 $0.23 $0.46 2.24%
, Spot Weld Wing $2.19 $15,750.00 §2.27 $4.54 22.23%
3 Halves
- Trimming $0.09 $1,155.00 $0.10 $0.19 0.94%
o TOTALS $9.85 $72,218.59 $10.22 $20.44 100.00%
)
1
'i
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PED phoned Bob Bamford at J¥Pu to valllate Machine Craft's clalm. Mr.
Bamford agreed tc the spoi weldiva material sirvucture ¢vange but sald that, in
his opinion, the change would not warraut aay concerr. When asked why JPL
chose to heat treal the wiug halves before sput weiding, them, Mr. Bamford said
it was the easiest procednve for the JPL facility. #Hr. Bamford went on to say
that spot welding could {udeed be verformed befcore beat rreacing; furthermore,
the development of a heat treating fixture would noi be difficult to produce.
Mr. Bamfovd could not poiat out any significant change I»n the final wing prod-
uct by intevcbanging these steps, but did agree thot the wing waterial struc-
ture would be consistent throughoni, which 18 a very desirable trait.

A stress Analysis for the AATAC Flex~Wing was performed April 1987
by the Structural Analysis and Design Function group (Appendix I). The analy-
sis found that interchanging the heat treating and epot welding procedures
will diminuate the cuvrent wing designs load tolerance. Furtherwore, the
study revealed that the prestresses from heat treating "contributed approxi-
mately 25 percent to the wing's load haudling capacity” [27]. Therefore, to
ensure the best possible performance of the AATAC Flex-Wing, manufacturing
processes should conform t2 those steps and procedures outlined at the begin-
ning of this report.

C. Design Changes

Through consultation with Machine Craft, Stan Dempsey, Marketing
Manager, polunted out the need for a design chauge to the wing half opposite
the wing tab. Currently, 4 tab exists on one wing half and iu folded over
the mate wing half. Drawing specifications require a smooth flat finish a-
cross the top of the formed wing. Therefore, the wing tab base must be flush
with the top edge of its wing half mate and the wing tab muslL be folded at the
tab base. The desipn change 1s necessary because these specifications are not
being met. The wing tab is being folded about 1/3 of the way from its base.
In order to obtaln the required flushness and proper bend location, the oppo-
site wing half must >e undercut by 1/100ths of an inch. Thiv small change
should resolve the nilsmat-h of the wing tab and mated wing half. Figure 2
indicates the design change. This change would help» mect finished product
design requirements, improve wing performance, and counld be Incorporated iuto
the blanking die with no added cost.
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V. MANUFACTURING CONSIDERATIONS

Investigations were made by PED to define different manufacturing methods
for the AATAC Flex~Wing. Cost estlmates were performed; and comparisons were
analyzed based on cost effectiveness and production repeatability. The intro-
duction of new manufacturing processes for the AATAC Flex-Wing fabrication
considered final performance of the product, as well as cost advantages. The
intentlon of this report 1s to demonstrate that the product can be made more
producible by increasing production rates, lowering cost and maintaiuning
design and performaunce criteria.

A. Cost Drivers

The identification of cost drivers is easily made by referring to
Table 1. Spot welding and wing half folding steps combine for more than 75
percent of the total manufacturing cost of the wing. If these cost drivers
could be lowered by 50 percent, an annuwal savings of over $790,000 would b2
realized in the manufacturing process of the flex-wing. These savings would
approach $8,000,000 over the 10.5 year production life.

B. Overview

Suggestions as to how to lower production cost for the spot welding
and wing half folding steps will be presented in this section, along with,
blaunking and triuming recommendations for the wing halves aud doublers.

1. Blanking

The production rate of the blanking processes 1s assumed counstant.
Therefore, the blanking time 1s independent of the die configuration. PED
recommends that a die be designed that will allow the blanking of both the

doubler and wing nalf to coiuncide. A pattern similar to ¥Vigure 3 would suf-
fice.

The recomuended die could be developed for $4,000 [28] and an as-
sumption that two would be nceded for the annual productioun life would make
the nonrecurring dile cost $8,000. The setup time is derived from previous cal-
culations made 1n the blanking process. The average setup time (using PLED al-
gorithms and standard wacrodata tiwmetable) 1s $907.04 during annual produc-
tion. The die cost added to the sctup cost would make the annual NRC $8,907.04.
The production rate would be about 7.5 wing halves and doublers per minute (RC
of $0.16 per wing). The NRC per wing, $0.09, added to RC makes the total cost
to blank a set of doublers and wing halves $0.25. This cost would result in a
reduction of $0.12 per wing, a savings of 32 percent.

2. Trimning

As shown in figure 4, the shaded arca is the material trimmed from
the wing at the eud of the manufacturing process. The material is used as
leverage o maintain tenslon in the wing and serves as a patteru guide in the
spot welding process. Lf the die in Figure 3 was redesigned to the dimensions
in Figure 4, the blanking process would incorporate the trimming process and
a fabrication step would be deleted. The redesign coull be ifmplemented with-
out incurrlong an additfonal cost for the die in Figure 3, and $0.19 per wing
would be saved.
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Figure 3. AATAC dic configuration, wmale or ralsed portion of die.




Figure 4.

to be removed in

the blanking process.




With the further development of a fixture clamp that could be
driven by a press brake, the absence of the waste material would not be
missed. Figure 5 is a configuration for the cover of such a clamp. The wing
halves would be held in place by a confining compartment and the cover then
would be lowered down to compress the wing halves together. Spot welding
would then be performed.

3. Wing Half Shaping <

The introduction of automation into this process would lower pro-
duction cost and material corrosive cracking of material caused by excessive
handling. PZD recommends hydroforming or Guerin forming be implemented to
replace current hand rolling techniques at JPL and press brake machining at
Machine Craft.

"The Guerin process utilizes the phenmenon that rubber of the
proper consistency, when totally confined, acts essentially as a fluid and
will transmit pressure uniformly in all directions. Since no female die is
used and form blocks made of wood replace the male die, die cost is quite
low" [29]. The hydroforming process uses the same principle as the Guerin
process but "replaces the rubber pad with a flexible diaphragm backed by
controlled hydraulic pressure” [30]. Refer to Figures 6 and 7 [31]. The
form block would have a shape similar to that of Figure 8.

The practical depth of the first draw for either the Guerin or
hydroforming process is limited by the reduction of the diameter of the part.
The diameter should not be reduced by more than 20 percent by any draw, no
matter what forming process is used {32]. Due to this constraint, PED recom-
mends using two progressive dies to form the wing since the final diameter of
the outer bend is 64 percent of the original dimension.

Assuming the Guerin process is used and two steps are needed to
form wing halves, production rates equivalent to half that of the blanking
processes are obtainable per step. With a production rate of 3.75 wing halves
per minute (half the blanking rate), the RC per step is estimated to be $0.32
per wing. Combining the costs for both forming steps, the total RC per wing
is $0.64. Since the die cost for the Guerin process is very low, this cost is
assumed negligible. With production rates lowered, setup cost for the Guerin
process, compared to the blanking process, will increase. Therefore, an an-
nual setup cost (NRC) four times that of $907.C4 (previously calculated) is
expected. This cost is equivalent to a NRC of $0.04 per wing. Total esti-
mated forming cost per wing using the Guerin process is $0.68.

The implementation of the Guerin process for wing forming and
shaping has the potential to lower total production cost by 28.9 percent,
or a savings of $5.91 per wing.

4. Spot Welding
Current spot welding procedures for the AATAC Flex-Wing are quite
detailed and costly. Fixturing is a cost problem, but can be addressed by

developing more elaborate holding devices. A fixture, similar to that of
Figure 5, could be attached to a press brake and used to decompress both wing
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halves while spot welding is perforwed, thus decreasing handling and clamping
time and lowering overall fixturing costs. Another costly issue 1s the spot
welding time. With high production numbers, such as 96,000 flex-wings an-
nually, the introduction of a wore autowated process Is neceded. A robotic
spot welder could significantly incresse production rates aund at the same time
dramatically lower touch labor costs. An example of a spot welder with pro-
grammable robotic capabilities 1s the Serles 1 with an TAPX88/10 coutroller
developed by Automated Procass, lnc. (AP1). The Series I is capable of spot
welding four corners of a 9-in. x 3~in. box in 1.9 seconds; the controller

has four bytes of memory to program spot welding sequences. The Series 1.also
has horizontal and vertical resolutious of 0.00055 and 0.00048 Laches, respec~
tively; therefore, detuiled requivements may be met [33].

In geuneral, spot weldlng 1s very fast. The actual time per nugget,
or weld, is approximately 1/20th of a sccond. Therefore, 1t the nugget or weld
locations are close together aud a programmed robot is perfoxming the spot
welding, twenty spots potentially may be welded.

Assuming 4 rvobotic welder similar to the Series 1 with controller
i1s used in the spot welding process, along with tixture wmodifications, the
expected welding costs are as follows:

Wing Halves. The Serdies 1 with coutvoller cost $80,000. Agsume
that this fovestment Is necessary aud that two purchases are uceded during the
10.5 year production. The NRC per wing for thils purchuse is $0.16. A fixture
like Figure 5 costs §3,000 anunually [34]. The setup and handling costs are as-
suned to be 135 percent of the anuual NRC. [herefore, the toval annual NRC is
519,975 (0.21 per wiug). With an expected production rate of 20 welds per
second, the 114 welds (doublers not iancluded) necessary to join the wing halves
together costs §0.06 pexr wing, the total RC. The total spot weldlug costs
(doublers not iucluded), is $0.27 per wing. This method lowers the wing half
spot welding costs by 94 perceut, the overall cost by 20.8 percent aud results
in a savings of $4.27 per wiag.

Doublers. Handling time in this process iy the same as previously
calculated 1n Section 1LI. 1t is cxpected that 0.47 minutes 1s needed to posi-
tion and secure doublers for spot welding. This RC {8 §0.27 per wing half. A
total of 57 welds are ncecuessary for joluiug the doubler to the wing half; costs,
using the Series 1, arce $0.03 per wing halt. Total RC per wing half 1s $0.30.
The NRC 15 made—up of the sctup time. 1t 1s expected that 0.3 hours 1s aneeded
for dally setup over a 20/-day production 1ife. A total of 062.1 hours is
needed for anuual setup, or a NRC of $0.01 per wing half. Total doubler spot
welding costs per wing 1s 50.62. This estimate reduces the doubler spol weld-
iug cost by 88.5 percent, the overall cost by 23.5 percent aund results in a
savings of $4.80 per wing.

C. Mawufacturing Cousiderations Summary

1t was determined that two major cost drivers, spot welding aund
shaplug ot wing halves, exfst {a the current method of production. By con-
current blanking of the doubler and wing half aud {ucorporation of the recom-
mended die, a total savings in the blankiug process of 32 perceut 1s expected.
Further savings will be reallzed with the use of the new die, shown In Figure
4, since the trimumlag process Is foncorporated fnto the blanklug process.
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ﬁl Through implementation of the Guerin process for wing shaning and
‘ forming, a cost reduction of 28.9 percent is estimated. Welding automation
offers a potential 88.5 percent cost reduction In the welding operation and
overall cost reduction of 23.5 perceat

In concluslon, the manufacturing process changes proposed {n this

4 report would result in an overall saviugs of $15.00 per wing. A productlon of
' 96,000 wings per yeuar will realize a total annual savings of $1,440,000. See
- Table 5 for cost analysis summary of recommended production changes.

V1. MATERIALS IMPACT

At the request of the Structures Directorate, PED, along with key iuputs
i from JPL and Machine Craft, assessed the {mpact of using different materials
for the AATAC Flex-Wing on productlon methods aud costs.

A. Methodology

Several matecial characteristics were cousidered for a replacement
material candidate for the AATAC Flex-Wing. The current flex-wing materfial,
stulalaess steel 17-7 Pl, set the standard foce all characteristics consldered.
Parameters equal to or better thaun to those of 17-7 PH were deslred. Alumi-
num, copper, steel, nickel and a host of several other material alloy types
were fultially included {u PED's analysis. However, tensile and yleld
strength, stress corrvosion, spot weldability and cost, liuited the salection
to titanium, copper, stainless steel 4nd nickel alloys. Te obtuin a working
1ist of materlal, PED referenced tensile and yleld strengths, {irst. Some 40
or 50 candidates surfaced. The 1list was eventually reduced to seventeen,
based on workabllity and maehinabllity of ecach material caudidate. Table 6
{5 a llsting of potential replacement candidates, aloang with rvepresentative
characteristics of each. The recommendation of Inconel 713 and Staiuless
. Steel A28%, by Machine Craft, {ufluenced PED to {uclude these alloys.

B. Material Analysis

Once a workable material list was obtalued, PED focused lts atteation
d ou performunce criterfa and problem area of the currveat wmaterial. Stress

- corrogion was determined to be the main disadvantage in the performance of

: 177 PH, but elasticity and strength were slgnlffcant advantages. Candldates
Yia were analyzed lLased on the following: (1) ceriticaifty, (2) waterial form,

(3) elasticity (4) stress corrosion, (5) weldabllity, auvd (6) costs.

. #

0

: l 1. Critlcality aud Matervlal Form

= All alloys that made the scecond cut had several characteristics ’
L comparable, 1f oot better, to that of 17-7 PH. However, sowe of thesce alloys

! were not obtafnable fn specified material form; and some were of a critieal

" nature. Table 7 {3 a list of those materials eliminated, based on these
{ parameters,
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TABLE 7. Critical Material and Undesirable Material Forms.

Material Reason for Elimination
Stalnless Steel 455 exotic, critical
Stainless Steel PH13-8MO not made in required thickness
Stainless Steel 420 matetrial form, bar only
Stalnless Steel 440A material form, bar only
Stainless Steel 440B material form, bar only
Stainless Steel 440C material form, bar only
Titanium—-Alpha-Beta critical

Note: Copper Nickel C71700 was also forced to be eliminated because it did
not meet present wanufacturing requirements. Copper Nickel can only be cold
worked. After extenslve research, PED came to the conclusion that a manufac-
turing design or procedure change, to accommodate cold working copper nickel,
would not be feasible.

2. Elasticity

PED asked JPL to address the issue of a material substitute for
the AATAC Flex-Wing. Bob Bamford, JPL scientist, suggested that we coasider,
as a criteria, the ratio of a materials strength to its modulus of elastic~
ity. "Elasticity 1s the ability of a solid to deform in direct proportion
to and in phase with Increases or decreases In applied force without any per-—
manent strain remaining upon complete release of stress™ [35]. PED included
this suggestion iu 1ts analysis and concluded that 17-7 PH yielded the better
results and, in general, all stainless steels were exceptional. The copper
alloys had the least desirable traits for this ratio. The nickel based alloy,
Inconel 718, has an extremely good ratio, but itz yleld strength could pose a
problem. Table 8 lists the ratios of each material.

3. Stress Corrosion

As mentioned, stress corrosion in 17-7 PH is a performance draw-
back. "Low alloy steels become Increasingly susceptible to stress corrosion
cracking or delayed failure as the streungth level increases” [361. The re-
sults of the PED materlial analysis ylelded PHL5-7MO as the most resistanl can-
didave of the stainless steels. But the nickel and copper alloys are the
leading substitutes when stress corrosion 1s consldered. As mentioned 1r the
first year report, "iuncreasing the nilckel content is beneficfal" in lowering
stress corrosioa, this Is an advantage of Inconel 718. However, copper alloys
appear to be very immune to stress corroslon, and "although stress corrosion
cracking of copper alloys occur in what is often thought to be clean air,
cracking will not take place in the abseuce of a corrosive environment,” a
very desirable tralt of copper beryllium [37].
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TABLE 8.

AATAC Wing Tensile to Elasticity Ratio.

Tensile Modulus of Tensile/Elasticity

Material Strength-KSI Elasticlty-KS1 Ratio
$5420 250 29 8.62
S§5440A 250 29 8.62
S$S4408B 280 29 9.66
5$8440C 285 29 9.83
SSPH13-3MO 200 29.4 6.80
S§S17-7PH 210 29.58 7.10
58455 235 28.43 8.27
58455 220 28.43 7.74
SSPH15~-7MO 225 23.3 7.95
SSPH15-TMO 240 28.3 8.48
CBC17200 212 21.2 10.00
CBC17300 200 21.2 9.43
CBC71700 200 22 9.09

-ALPHA~BETA 220 27 8.15
INCONEL 718 185 29 6.38
S5A286 208 28.3 7.35




4. Spot Weldability and Cost

The spot weldability of each material considered was excellent.
Therefore, no welding advantages or disadvantages exists awmong the potential
material replacements, when compared to 17-7 P'H. But, since the spot welding
is a critlcal step in the fabrication process of the wing, the introduction of
a new material should not create any additional problems in the joining proc-
e85+

Once production numbers of 96,000 wings aunually are realized,
material costs may drive overall productilon costs. Therefore, raw wmaterial
costs 1s & potentlal concernlng issue in the high rate production process of
the AATAC Flex~Wing. PED referenced several material sources in the quest
for realistic prlces for each substitute candidate. Prices obtalned were for
sheet formed material and were given in dollars per pouund. Because the den-~
sity variled among each material considered, PED converted the prices to dol-
lars per volume (cubic inches). ALl prices include a 42.5 percent markup
for private industry conslderations. Copper beryllium was $0.27 (per cuble
inch) cheaper than the nearest stalnless steel and $§4 cheaper than the nickel
alloy.

5. Material Substitute

PED performed a material analysis using iun-house algorithms.
Table 9 is the results of that evaluation. In the analysis each material can-
didate was rated based on lts attributes compared to the best or most desired
reference traits. Bach parvauweter analyzed was assigned a multiplier, which
represents 1ts rank of fwportance to the performance of the material candidates
as seen by PED. JYor instance, PED felt that elasticity was twice as important
as spot weldability, therefore, elasticity has a wultipller of 2 as compared
to 1 for spot welding. These wultipliers are not presented here as belag
scientifically correct or accurate, but represeut cartaln tradeoffs that must
be consldered iu producibility analysis. Table € incorporates PED's assump-
tions. An accumulative total of each material's rating was tabulated. Eval-
uation of the scores iundicates that PHL5-7MO had over all higher rationgs;
however, stress corroslon would not be significally improved with this cholce.
Therefore, PED recomwends copper beryllium CL7200 or Cl7300. The declsion is
based on the copper alloys excellent stress corrosion and price ratings. Al-
though elasticity in copper is about 25 percent lower thaun that of the stain-
less steels, PED feels this could be a possible tradeoft for iucreasing stress
corrosion resistauce.

One final note: PED's source for copper beryllium information is
“Brush Wellman, Inc. (Cleveland), the free world's only beryllium producer"
[37]. All of the beryllium processed by Brush Wellman is supplied
from a Brush Wellwman mine in Utah. Also, PED researched the hazards of beryl-
lium dust particles. These particies appear to be troublesome only iun a pure
state. Since berylliuw wakes up just 2 percent of the copper alloy's cowmposi-
tion, the hazards are nonexistant. 1f the beryllium was In a pure state,
hazards of inhaling the dust created by grinding processes could be lowered by
introducing wolsture 1n the alr aud by wearing protective breathing devices.




T1°1S PUES S ER | 1324 | 96°67 061 012

1-99 Z°6 01 £1S % |01 %|8 *]18°9 =% Hd/-£1SS
...... 19°1$ JUSTLAOXF | IURTIPIXY | 72 081 002

9°6¢9 rAF 01 ¥ | 01 x| 9y {9 x| 8% «x 00ZTLOND
69°2$ PEED § CEPAC| ared | g-8¢C £61 802

6°%S §°2 01 ¥|S 126 =1 ¥°8 ¥ |%'9 ¥ 987VSS
78°%$ JUITTIOXY | JuUdTTdXY | 62 ¢S G61

€°19 1 01 x| 01 ¥ )01 |80 =x1v ¥ 81/ TANCONI
¥8°G$ JUOTTOOXY | WITTIXT | 12 781 002

%°89 01 01 ¥ |01 % 19°¢ # |99 =x{8% = 00££1090
98°0$ JulTTaoxXy | IUSLTIOXF | €7 G6T z1T

%9/, 01 01 % |01 212°S ] 8°'8 N AN ¥ 00C.124D
62°1$ EUER S CENE | poos | £°92 0£¢ oye

€Ll ?°8 D1 x| G /L x| Z2°6 x| 01 ¥ | OT ¥ 1104 G10D/0HWL~STHASS
6¢°1$ JUSTLIOXH poon [ €782 631 62

18 74 9°8 01 x| S°¢ %126 ¥»16°9 |01 * 0C6HY /0K ~GTHASS

0°sg %8°0$ 3Jua1790xyg | JuITLSOXI 62 002 czz FONTHITITY

S°T1 X 1X 5°¢ X Z X 1¥ TX
wkoum 180D ﬁHUB uo&m EOﬁwOuHOU I3 I8X 1S4
£31073SETd | PIRT) | @TISuy
*STSAT2UY 2IN3T3sqng T2Tad38H 3UTM OVIVV 6 TI4VL

a




6. Summary

Copper beryllium €17200 is PED's material of cholce to replace
stainless steel 17-7 PH in the wanufacturing of the AATAC Flex-Wing. Copper
beryllium's low cost, ablility to conform to the present manufacturing proc-
ess (verbatim), high streangth, and, most importantly, excellent stress corco-
sion resistance definitely makes it a potential replacement alloy.

VII. CONCLUSIONS/RECOMMENDATIONS
PED recoumends:

A. The wing half mate of the wing tab should be redesigned because

current prototypes are not meeting the present design tolerances and overall
requireunents.

B. The outlined automated procedures, discussed in this report, should
be lmwplemeated in the flex-wing manufacturing process so that the maximem pro-
duction cost savings may be realized.

C. Copper beryllium should be cousidered as a wmaterial replacement for
17-7 PH because of coppuer beryllium's strength, cost and stress-corrosion
resistance.

D+ The shelf 1ife of the current and potentlal replacement materials
be addressed more extenslvely to unlock the significance of thils area.

L. Conslderation be given to modifyiug the current flex-wiug storage
method to reduce stress corrosion cracking. It could be possible to wmodify
storage contalners to allow wings to be stored 1in aa upright position and
folded prior to use.
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DIMENSIONAL DRAWINGS
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APPENDIX B

PROCESS CAPABILITY ANALYSES
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APPENDIX C

COST ANALYSYES WORKSHEETS




CENTRIFUGAL CASTING
CO8T ANALYEIS WORKSHEET
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System: AATAC Production Units: 240000
Pawvt: A-3 C11§ Finghing Cast: 2.879832
Date: <3 Aug da :
Aralyst: R. Amos
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Process: Bemi-Automated Tapping
Material:17-7 FH
Size: Bar

Diama2tor

Hoie Caoath 5 (]
No. Holog = 0
o. ”DJFdLLOnE = 0 G ]
Fixture swrface area 5 G G G
Tool Life 7500 1 i i
decurring Costs Z.8vz192 0 c (8]
Set Un Cost= =TS O i G
Tooling Cost= C.Gh 0 3 0
Fisiturs Cost= 1.5 0 o 8]
Non—iFecurring ozt (NRC)= 37.3 0 0 a
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SYSTEM: AATAC
PART : WING BASE

IDRAWIMG NUMZER: R-57-WE-304

PRODUCTION INFCGRMATION
2OR VoL N

AUANTIVY : 1Z1C00

LOT 8173 JETuIN]
MATEIL AL 33G-70

DIE LIFE: 400G

COUT AMNALYS1S

o — e 20 A 4 4o Bam e cm ot 1

BASE CAST CouT

DESIGN COMPLIXITY TACTOR
PROC:S; COMPILIYITY FACTOR
EARNING IFACTON

TEST AND EVALUNTION 0373

TOTAL RECURIING COSTES

LAGE D.LF/.”'!LL) Ce&T
DESIGH CDMF-‘LL’.‘(I'E'Y FACTOR
TEST FIXTURE COST

TOTAL MNONRECURRING COETS

HART uhbl NJﬁLUH

PFECURRINMNG COB8T/PARY
MONRECURRING JOuT/0AKRT

ToTAL CoST/PART

DATE: 14 AUG B&
ANALYST: R. AMOS
COST/PART s 2. 7316008
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Sustem: AATAC Production Units 120000
Part: Wing Bage Finshing Cost: 1.687180
Date: 14 Aug B&
Analyst: R. amos
T TR F I 3TN AT e v 3 A6 365
|
Process: CNC End Milling
l"lut.(_l ialsAluamingy
Siza: PFlate
input Pdrdmuter‘ fa t C 3
SEPM: 1500 1 3 1
127 0.01 1 b 1
TR ) 1 3 1
Tool Diameter: Q.2 0 J 0
Cut Lenath: 0.2 Q & O
Cut Deplh: 3. 005 ' O W 0
No. Cutss i a { U
Toal Widhkhs g. 15 G O a
[Fivturo aroeas - 10 G 0 0
Toul Life: 5004 1 1 i
Nu. dperationg: 4 (W] G 0
Prosition Cowt= Q.20 Q 0 ]
Nachnine Costs Q. 00015 0 G 9
Traoverge Cost= J.000002 §] W] O
M*ul“rmnu Cast 0.7 g 0 G
Indoxing Co o .7 ¢ (J 0
Hocueronag Lot CHATHOGH ) U a
1 IU‘) Jlna o o RN Q 0 {1
| Sel lp i, : 0 b 0
| hoeo o e 0 0 (t
Nnn AR T I i) [SYRERS [ S W] a 0 (8]
(E [ vt 1-()!::!'"\'3[.'] U D (1
My bag Goneoe Loel7 100
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TOW MISSILE WINGS




Wings

The TOW Missile uses 4 wings that fold into the center fuselage and are
spring loaded to pop out after the missile has been launched. The wings then
lock into place and are used to stabilize the missile, not steer it. All 4
wings are machined to the dimensions in Drawing 10190132. The wings can be
wade from the folicwing materials:

(1) Plate, AL Alloy 2024-T351 per QQ-A-250/4 Temper 351
(2) Bar, AL Alloy 2024-T4 per QQ-A-225/6 Temper T4
(3) Bar, Al Alloy 2024-T3510 per QQ-A=-200/3 Temper T3510

Although all 4 wings are machined identically, they are not all inter-
changeable. Wing No. 2 (10190130) and Wing No. 4 (10084378) have a toggle
switch riveted to them per Drawing 10190131. These 2 wings must be in the
correct pesition because each toggle switclh operates at different timiugs.
Wing Nn. 1 and Wi.g No. 3, however, are not connected tc a toggle switch and
only these 2 may be interchanged.

The wings are not machined by HAC, but are bought from a vendor in the
finished form. The last buy from 7-86 1s listed below:

Price Quantity
Wing Machined 7.13 48750
101990132
Wing No. 4 11.07 24380
10084378
Wing No. 2 11.07 24380
10190130

Tho wings are -ssembled to wing lugs which are welded to the Aft Flight
Motaer Case. The following psrts are used in assembly:

Purve Meroer Part Description Quantity
13418272 Case, Aft, ¥lipght Motor 1
10190132 Wing Machined 2
101054378 Wing No. 4 Assy 1
10190130 Wing No. 2 Assy 1
16139293 Spring, Wing 4
10189269 Spring, Wing Lock 4
10084767 Pawl 4
L.213304 Roll "*1, Slotted 4
11530136 Pin, g 4




Center Structure

The wings, which are coarected to the Aft Flight Motor Case, fold iuto
the center struccture thzough slots that have bean punched into the walls. The
center structure is magniformed to the Aft Flight Motcr Case. The center
structuce is umade of aluminum alloy impact 6061~T6 per MIL-A-12545 Temper T6.
The focllowing operations are involved in the machining of the center structure:

Cost Date on Center Structure

The center structure machined part number 1s 13218295. The structure is

bought in the preformed condition (Part Number 11500082-461). The past 5 buys
are listed below:

Date Quantity Unit Price
May 84 21,000 16.15
Sep 84 7,620 16.15
Aug 85 26,950 16.05
May 86 4,900 16.22
Jun 86 12,480 16.90

Operation Uperation
Numbex : Description
10 Issue
20 NC Lathe
30 Drill aud Punch
40 Lountersink
50 Punch
60 Vapor Degrease
70 Deburr (ECD)
80 Chen Coat
9 Store

20 Nuawerically Controlled (NC) Lathe

This eperation requires one operatcer to rum 3 NC Lathes. First, grooves
are machined in the top outside wall of the structure to allow for the magni-
form process {Figures 2, 3, und 4). Next, a hole is machined in the center of

n-2




the internal depression (See Figures 2, and 5). Last, a groove is machined in
the bottom inside wall of the structure (Figure 6).

30 Drill and Punch

. This operation also requires one operator to run 3 machines. First, the

8 part is dipped in a Keenzol P and oill solution to wash out the chips and lubri-
' cate the part. BElght tear drops are formed in the internal depression by drill--
ing 3 holes of different sizes (Figure 6). Then, 43 various holes are punched
in the walls of the structure (Figure 7).

. 40 Countereink

I

This operation countersinks 22 of the 43 holes in the walls of the struc-
ture (Figure 8).

50 Punch

v i e

Every fifth part is dipped in a Keezol P and oil solution for lubrication.
This operation punches 2 elliptical slots for the flight motor exhaust, 4 long
slender slots for the wings, and 2 short slender slots (Figures 9, 10, and 11).

70 Electrocnemical Deburring (ECD}

B

This operation is an ECD process. The following sequence is used:

(1) Part is loaded in a tank containing ECD electrolyte
solution.

_.L_j‘ i t_—_—

E S
SN SO VIR - S

(2) Machine parameters are set at:

Amperag: 350 + 50 amps
Voltage 15 volts
Cycle Tiue 60 + 5 seconds

(3) Run the cycle.

(4) Unload part and rinse with hot water (150 + 25 °F) for 1-3
seconds.

(5) Place part in acid clean tank for 2-3 minutes.

(6) Unload part and riuse with hot water (150 + 25 °F) for 1-3
seconds.

(7) Draln, drip dry ard package.
. The ECD electrolyte tank is wade-up of a solution of Sodium Nitrate and
dionized water. The acid clean tank is made-up of Omega No. 521-5 acid (a

product of Omega Chemical Co., Inc.) and tap water. Both tanks are monitored
by Process Engineers and the solution 1s changed as necessary.

D-3/(Y-4 blank)
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APPENDIX F

FLEX-WINGC PRODUCIBILITY SUPPORT STUDY




Flex-Wing Producibility Support Study
27 April 1987

SEPD will provide the following for the flex-wing producii{lity study

for FY 87:
(1) Estimate production costs of the flex-wing ba<ed on -urrent
method of fabrication for 24,000 sets of flex—wingus per year and  tor -1 of
N 250,000 sets. (1 set = 4 flex~-wings.)

(2) Review in detaill the AATAC Flex-Wing structural drawil.g for
. possible ways to reduce producticu. costu using the curvent fab { atlon methods.
Consult with JPL and the T&M contractor to suggest ways of fmproving toe cu--
rent method of wanufacturing.

(3) Inve 2ite differeit f1-x~wing manufacturing methods, estimite
costs, and compare i methe - fav aer ffectiveness and production repeat-
ability.

(&) 85 the impact of uwing different muterials for the flex-
wing on rroduct :n methnc - and costs.

(s Providc che Warhead and Fuze Function a technical report on the
res t: 2 e two-ye.r producibility study by SEPD or the AATAC Flex-Wing and
mi :

{6 Providc the Wa-head and Fuze Function an anticipated cost break-
o ~ar 2¢ . of the .. . iluted tasks no latcer than 11 May 1987

F=1/(F-2 blank)
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APPLICATION REVISIONS
s NEXT ASSY USED ON [Rev | DESCRIPTION ! DATE_| APPROVED
H T L]

Flexible Wing Manufacture and Assembly Procedure

Material: 17-7 PH Stainless Steel - Condition C

K 1. Mill anneal sheets of material at 1950+25°F to reach condition A.

2. Machine and form to dimensions per figure 3 of drawing RD-ST-WF-337 for A3 wing or
figure 3 of drawing RD-5T-WF-336 for Al wing.

3. Fold tab at wing tin (only on lower wing half) to a minimum bend ra.iius of 0.018 inches
(150%skin thickness).

T

PR

4, Clean parts in sonic cleaner with M50 solution for thirty (30) minutes.

5. Spot weld doublers to wing halves per pattern in figure 2 of drawing RD-ST-WF-337 for

A3 wings or figure 2 of drawing RO-ST-WF-336 for AT wings.
SEE NOTE

|
| 6.
|

| 7.

Deburr all parts.

Shape and form wing halves to figures 6 and 7 of drawings RD-ST-WF-337 for A3 wing or
& RD-ST-WF-336 for Al wing.
l 8. Clean material by vapor degreasing and alkaline cleaning processes in a protective
o atmosnhere or vacuum,

halves, a mild steel support contoured to the same shape as the wing half should be used
0 prevent sagging of the material during heating. To avoid contamination, the supports
should undergo the sawr cleaning procedures as the wing materials.

a. Austenite conditioning

|

‘1

\ 9. Heat treat wing halves using tollowing methods. Because of the thinnezs of the wing
!

|

|

|

} Heat to 1750 £15°F; hold for 10 minutes; air cool to condition A-1750,

t

b. Martensite transformation

i Cool within one (1) hour to -100%F£10°F; hold for eight (8) hours to reach
B condition RH-100.

TR T

fie? |
Y RE STATUS REV
'.j O SHEETS SHEET
£ TR T TS
L e A W U.S. ARMY MiSSILE COMMAND
| L Si 3. N 1 .
;*‘ ARE IN HCHES TOLER~ | pare REDSTONE ARSENAL , ALABAMA
* ANCES -
! | RACT ("3 DECIMALS ANGLE ENGINEER
i o e HECKED FLEX WING PROCEDURE
; T- RiAL
] PREMARED
I‘J SUBMITTED SZE FSCM NO, DRAWING NO.
P APPROVED BY ORDER OF A 18876 RN-ST-WF =339
:,! COMMANDER USAMICOM SCALE i TSHEET 17
]




APPLICATION REVISIONS
NEXT ASSY | USED ON [rev] DESCRIPTION [ paTe | APPROVED

Flexible Wing Manufacture and Assembly Proced'ure

¢. Precipitation hardening

A1 wing - heat to 950£10°F; hold for one (1) hour and air cool to reach concdition
RH-950Q.

A3 wing - heat to 1050+10°F; hcld for one (1) hour and air ccol to reach conditicn
KH-1050.
10. Wing assembly
a. Flatten the cusp area of the lower wing half (with tab) by flattening the
central, gently curved section of the wing half and hold in a fixture.
b. Tuck upper wing half (without tab) under folded tab of the bottom wiug half.
¢. Flatten cusp of upper wing half.

d., Clamp chord lengths together and spot weld per figure 1 of drawing RD-ST-WF-337
for A3 wing or drawing RD-ST-WF-336 for A1 wing.

e. Trim the assembled wing to dimensions per figure 5 of drawing RD-ST-WF-337 for
A3 wing or drawing RD-ST-WF-336 for Al wing.

**NOTE :

Because of past problems, extra care is needed during the spot welding procedure of both
the doubler assembly and the wing halves assembly.

The best results were achieved using a UNITEK 125 machine with the follewing wettings:
? poelarity - low
® pulse - medium
Y heat - approximately at 2:00 o'clock position

The RUMA Class 2 electrodes with the UNITEK 125 hand piece was used for wing spot welding.
The electrode pressure was set at 10 pounds.

REV
SHEET

REV STATUS REV

OF SHEETS | guger j l
UNLESS OTHERWISE,
SPECIFIED DIMENSIONS u.S. ARNE_Y MISSILE COMMAND
ARE [N INCHES TOLER~  pare REDSTONE ARSENAL , ALABAMA
Fryu:rious DEGIMALS ANLES| ENGINEER
= = = FLEX WING PROCEDURE
TERIAL CHECKED LEX WI
PREPARED
SUBMITTED SI7T. FSCM NO. DRAWING NO.
- CT LW L0
APPROVED BY ORDER OF A 18876 R ST AW
COMMANDER USAMICOM SCALE l SHELT oy
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APPENDIX H
BLANVING PROCESS
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Blanking Process

1. Practical tolerance for punciting is + 0.005 inches. If tolerance 1s below
+ 0.003 inches on a blanked part, shaving is required to meet the tolerance.
The conclusion from these rules {s that the AATAC Flex-Wing, with a mininum
tolerance of + 0.005 {nches, can be blanked with no fiulshing processes.

2. The width of any projection or slot should be at ieast 1.5 times the metal
thickness, and never legs than 0.094 inches.

., t = 0.016 in.
1.5 x t = 0.024 in.
% 0.024 in. > 0.094 1a.
. «. 0,024 in. i3 the controlling dimension
5 glot width = 0.225 in. glot height = 0.120 in.
e 0.225 in. > 0.024 in. 0.120 in. > 0.024 in.

tab width = 0.10 ia.
0.10 in. > 0.024 in.

n{% .". slot and tad dimensions meet the above constraints

3. The diameter of pierced holes should not be less than the thickness of the
metal or a minimum of 0.025 inches.

0.016 in. < 0.025 in.
. 0.025 Inches 1s the controlling dimension

dia of hole = 0.125 in.
0.125 in. > 0.025 in.

"+ dlamcter of hole meets the above constraints

- 4, The minimum distance between holes or between holes and edge of stock should
o be at least equal to the metal thickness.
|
3 - 200
_).. .. llL .200 o
N ‘:1 l l \ 100 ~-.125 : ! 2 ‘r-7"° 2P,
- acpl . — —-Y —— —
g \ WIS e S g v L. —1
i \ ¢ \ b / . f‘
i 4 RIS SN TP 165 [
. \‘\ 2 22 /2.0/ /
-4 i NoLE
r’i’ ~ ) \ ‘\ '/25-95 7{’(_
. . \ HoLy !
- FEa I l w

’l NOTE: All dimenslons meet the above constraint.




FORMING

1. Hydroforming and the Guerin process are both drawing processes. A practical
tolerance for drawing is + C.004 inches. Since this is a tighter tolerance than
is necessary for the wing, there should be no problems meeting the tolerance
requirements in the forming step.

2. A general tolerance review of the formed wing was performed. During this
review, it was found that the radius and angle tolerances allewed an inner arc
length tolerance of 0.03 inches at the root end, but the reference dimensions,
hr and Wr, (Figure 3, Appendix A) controlled the arc leangth. These, and the
other refoerence dimensions, on both the root and tip ends, are necessary to -
ensure the symmetry of the wing.
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DISPOSITION FORM

Bor uss of this fatm, see AR J40-18; the proponent amncy b TAGO. L AT ‘-.C\"‘,)."?
RUEFERENCE OR OFFICE SYMBOL SUBJECT h is H‘. e
AMSMI-RD-ST-SA Strass Analysis for AATAC Flex Wing, Letter Report RD-ST-87- 40
TO  AMSMI-RD-ST-WF/Schexnayder "™  AMSMI-RD-ST-SA aaTE Y APR 1987 cMT 1

Mrs. Pirtle/dc/6-1712

1. The purpose of this task was to develop a finite element analysis model of the AATAC Flex
Wing which can be used to evaluate the design.

2. The Al and A3 flex wing basic models consisted of COSMIC NASTRAN CQUADZ membrane and
bending elements. The rodal geometry was prepared by graphically drawing the root and tip
ends of the preformed wing half as accurately as equipment would allow. See Figures 1, 2, 3,
and 4 for the geometries and the differences between the Al and A3 flex wings*. Next, an
equal number of nodal points was placed on the root and tip ends, The points were measured
from the wing's centerline, with the origin located at the root end. These points were used
to generate the remaining points from root to tip, thus defining the overall geometric nodal
shape of the flex wing. The other half of the wing's nodal geometry was formed from symmetry.
The elementa! connections were made from root to tip, and from left to right. Figures 5 and 6
show the elements and nodes of the Al and A3 flex wing models. Appendix A contains the basic

Al flexwing model in NASTRAN free-field form, and ‘Appendix B contains the basic A3 flexwing
model.

*NOTE: Figures 1, 3, and 4 were taken from the November 27, 1985 JPL Summary Report. See
this report if further information on the geometry is desired.

3. To provide sufficient information for evaluation of the design, several computer runs were
fe. The following is a list of the spacific runs pertinent to the design bending load of
-+6.68 inch-pounds applied to the wing's root:

a. Al flex wing with forming prestress.
Al wind tunnel load case.
Al buckling load.

b. Al with no forming prestress.
Al wind tunnel load case.
Al buckling load,

¢. Original model with modified doubler.
ALID flex wing forming case.
Al wind tunnel load case,
ALID buckling load.

d. Modified doubler model with additional doubler outboard on wing/fiex wing forming
case,

Al wind tunnel load case.
ALID+D buckling load.

e. Case A with increased panel thickness from 9.012" to 0.014",

f. A3 flex wing forming case.
A3 wind tunnel load case.
A3 buckling load combination,

DA AFUOGmlﬂ ?Agg PREVIOUS EDITIONS WILL BE USED U8 G 1R PAveTING CPFCL oAk 1J1-u0 3340




AMSMI-RD-ST-SA CMT 1
¢ JECT: Stress Analysis for AATAC Flex Wing, Letter Report RD-ST-87-40
g. Proposed A4 flex wing. S '
Case A with increased panel thickness from §.0i2" to 0.016%,

h. A3 flex wing forming case.
A3 wing collapsing load case.

i. A4 flex wing forming case.
A4 wing collapsing load case.

4, The following is a more detailed description of the cases listed above:

a. To form the desirad shape and prestress in the wing, the seams on both sides of the
wing are clamped and welded together, Then, the tip end is clamped together and a tab is bent
to hold that shape. This process was simulated by using NASTRAN's enforced displacement capa-
bitity, which yields the Al flex wing in its finished condition. It should be noted that
because of high forming stresses some plastic deformation often ogcurs in the real wing.

Thus, an iteration process was performed to make the root chord thickness of the model repre-
sent the root chord thickness of the finished product. Also, it is important to notice the
level of prestresses in some of the wing weld locations. Figure 7 shows the locatfons and
values of the highest stresses that occur in the wing welds., They are not of concern con-
sidering the loads and material used. The wind tunnel load case as depicted in Figure 8 was
simulated by applying a pressure field P to the wing surfaces using the equation:

Cp* 2P * i = 246.68 in-1b, where Cp 1s the center of pressure and A is the total surface
-+aag, The wind tunnel load case as appiied shows a crease on the Figure 9 plot in the area

. .ere buckling had occurred {n tha wind tunnel. To find out if this load did in fact cause
buckling to occur, a buckling solution was run by combining the forming case and the wind tun-
nel case. The computer run indicates an Eigenvalue of ,772 for the first mode of buckling in
the diraction of the lcad, This corresponds to a buckling Yoad of 195 inch-lbs.

b. The Al mndel was modified tu remove the geometry that caused prestresses in forming,

The run shows a buckling load of 147 in-1b. Thus, the prestresses contributed approximately
25% to the wing's load handling capability.

¢. Fiqure 10 shows the lacation where additional elements were added to the Al model in
Case A to epresent the modified doubler. The effect of the modified doubler was insignifi-

cant. The buckling Toad increased 2.8%, and the center of buckling moved approximately 5%
toward the tip of the doubler.

d. This case was done in the same manner as Case (. Refer to Figure 11 for the con-
figuration of the additional doubler. The effect was much the same as the previous case,
except that the center of buckling moved slightly toward the tip of the wing.

e. In this case, the only change in the Al model was the panel thickness. The percent of
design load increased from 77.2% to 90.9%, which is an overall iucrease of 13.7%.

f. Using a differeat geometry than the Al flex wing, the forming process for the A3 was
identical to the Al flex wing (Case A). The highest stresses due to forming are 198,320 psi,
and are located primarily in the wing's tip end welds. The wind tunnal load case on the A3

» .
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flex wing used the same procedure as did the Al in Case A, To determine when buckling would
actually occur, a buckling load case was applied tu the A3 flex wing. The computer run shows
an Eigenvalue of 1.75 which yields a buckling load of 432 in.lbs.

g. This case is the proposed A4 flexwing design. As in Case E, the anly change in the
model was the panel thickness from .012 inch to .016 inch. The A4 carried the wind tunnel
load with a small mergin of safety. However, the stress levels in the spot welds should be

noted (see Case I, Table 1). The level of stress might lead to stress corrosion which might
csuse the wing to crack with age.

h., and 1, Two runs were made on the A3 and A4 wings to predict the stress levels in the
wings due to collapsing for storage. These also show stresses which might cause cracking due
to stress corrosion, The highest stress indicated in Case H was 200,617 psi and the highest
in Case ! was 232,489 psi located at the tip spot welds.

5. Table 1 {s a summary of the results of all the load cases.

6. CONCLUSIONS: From the Table 1 results, it can be seen that Cases F, G, and £ give the

highest buckling loads based on a 256.68 in-1b maximum bending load applied to the root of the
wing,

7. MICOM - Providing Soidiers the Decisive Edge.

. . - - 7
-'/1/4‘(1278.(&' L. VQ//LZZ;,,J

14 Encls DELANA A, PIRTLE
1. Table 1l Struc Anal & Design Function
2-12, Figs 1-11 Structures Dir, RD&E Center

13, Appendix A
14. Appendix B
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TABLE I-1. Results of Load Cases.

CASE RESULT
A 77.2% of design load
caused buckling. .
8 48.7% of design load
caused buckling.
A c 80.0% of design load

caused buckling,

D 81.0% of design Toad
caused buckling.

E 90.9% of design load
caused buckling,

F 175.2% of design load
caused buckling,

, 6 " 106.1% of design Toad
? caused buckling.

H High stresses of
2.006E+05 PSI at
tip spot welds.

I High stresses of
2.3248E+05 PSI at
tip spot welds.

e m——

NOTE: Cases H and I are listed to indicate concern about
possible stress fatigue due to high storage stresses.
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Figure 1-1. Blank dimensions of wing halves.




“Sooue193JIp K13oWo93 ¢y pue 1y -z-I1 2an31g

vl

I-6

|l.!.|1ol.h | ¥V o9'v




<,

. a:.% :';_ s -k__:'w- 3 .7

cr

: ;:‘ E U R . ':.
-“;M—_L,n;&___g! b
-

=
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X Al 4.923 |.300120,1° |.012 | .63 | .246 | 300 | 018 | .330 1.694

A3 3.096 |.300| 30.5° {.012 | .63 |} .371 | .427 | .041 | .420| 1.563

%j Figure I-3. TFormed root-end section of wing halves.
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(Ref)

Design Rt r 5] t d D ht h Ht Wt

Al 2.980 | .30 | 20.1° | .012 |..63 .246 | .182 | .618 | .212 | 1.024

A3 1.764 | .30 | 30.5° {.,012 | .63 | .371 | .240 | .041 |} .293 .894

Figure I-4, Tormed tip-end section of wing halves.
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